Weak Lumpability of Finite Markov Chains and Positive Invariance of Cones by Ledoux, James
Weak Lumpability of Finite Markov Chains and Positive
Invariance of Cones
James Ledoux
To cite this version:
James Ledoux. Weak Lumpability of Finite Markov Chains and Positive Invariance of Cones.
[Research Report] RR-2801, INRIA. 1996. <inria-00073889>
HAL Id: inria-00073889
https://hal.inria.fr/inria-00073889
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
appor t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Weak lumpability of finite Markov chains and positive
invariance of cones
James Ledoux
N˚ 2801
Fevrier 1996
PROGRAMME 1
  	
	ﬀﬂﬁﬃ "! #$&%('*)+	ﬁ+,-ﬁ+./ﬂ,01%2
	ﬁ3%#45ﬁ+'678'&2ﬁ+,
9:<;>=@?AB=DCFEHGJIK
L MONQPRMTSVUWUWXY&Z\[6M]_^D`baOX5]a_cDMOXedfHS	MS	gbgihXgbXd5jlkmS	dOXedonlXnlNRpDprqXXdjmMDqXd_X5S	clsXard_tldOa5hXeUWXdnl`bdOaOM_`bkDcrqXd
LJMONuXa6vwNDnlXg
x6SVfDfHNRMOa6nlXM_X5]_^DXMT]_^DXypz|{R}Q~DY*Z<XlMO`bXMYQRZYfHS	PRXd
2$e5	mŁ	RHﬂX6]NRpDdO`nlXMBBX5S	gbcDUWfHSVkD`bgb`atN	PQXp<XMTSVgmHpD`baOXr^DNRUWNRPQXpDXeNQcDd$vSVMOQN	2]_^HS	`bpDd0XQNRgl`bpDP`bpn@`d]MOXeaOX
aO`bUXQjmaO^HSVao`bdr^DXpﬂSgbcDUWfmX5nvSVMORN	]_^HSV`bpr`baO^ﬃMOXd_fHX5]a2aON+SfHSVMOa_`a_`bNQpNV4a_^DX3`bpD`ba_`SVgd_aTS	a_X2dOfHSR]X2`bdS	gbdONwS
^DNRUWNQPRXpDXNRcDdvS	M_QN	o]_^HSV`bpﬂXJdO^DN	aO^mS	aBX5SV6gbcDUWfmS	kD`bgb`bat$`bdX5RcD`bQS	gbXplaaONra_^DX$XsD`bdOa_XpH]XBN	HSrnlX5]NQUWfmNQdS	kDgbX
fmNQgbtl^DX5nlMS	g]NQpDXr^<`]_^`bdrfmNQd_`a_`bQXgbtW`bplQS	M_`S	pla1kltaO^DXa_MTSVpDdO`baO`bNRpfDMONRkHS	k<`gb`bat2U+SVaOM_`s2N	$a_^DX3NRMO`bPQ`bpHSVg ]_^HSV`bpB¡a
S	gbgbN	rdBcDd5j<`pScDp<`mX5nwrSt|jRaONWnlXeMO`bQXp<X¢MOXd_cDgbaOd&NQpwgbcDUWfHSVkD`bgb`at£N	$MOX5n@cH]`bkDgbX3vSVMOQN	W]_^HSV`bpDdoSVpHnaON2NQk<aTS	`bp
dOfmX5]a_MTSVgf<MONQfmXM_aO`bXdoSVdOd_N@]`SVaOX5nr`a_^wgc<UWfHSVkD`bg`¤at|
¥¦l§¨O©ªmQ«J	¬vSVMOQN	w]_^HS	`bpjD­laS	a_Xd6S	PRPQMOXeP|S	a_`bNQpjlﬂX5SV2gbcDUWfHSVkD`bgb`atRj®LFNRgtl^DXnlMTSVg]NRpDXQjHLFNRdO`baO`bQX&`bp|QSVMO`S	pm]XQ
¯°2±
²³´µ
±
² ¶$·b³¸i¹º
»_¼½¾¿0À®ÁmÂÃrÄ	ÅQÆÇ	ÈJÉÈOÂÅ	ÊÌËÈÅrÍ5ÎÏÐÍ0ÑÈÒ	ÒQÈ_Æ ÁmÈ_Ç	ÈOÓRÀ5Ô<ÕbÃ6ÂËÌÊ	ÊÈOÇ	ÖÅQÓ	×JØ_Å	Ò	ËÙeÕÚÈÒ	Ò	ÈOÆÛÜ Ý¤ÚßÞ®À Ø_ËÌÚËÌÆàÂ	Ü ÝÌÚOÞ
Unite´ de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Te´le´phone : (33) 99 84 71 00 – Te´le´copie : (33) 99 84 71 71
 #B52ﬁ Q55 .7'r)w	ﬁwo, ."! #$6% ﬂﬁ5,-6 	ﬁ3%#45ﬁ+'6
ﬂ3,0B% . '	 ﬁ+,

¦D¦ﬂ*NQcDdpDNRcDd6`bplaDqXeMOXd_dONQp<d+hS2gS2f<MONQf<MO`5qXaDqX2nÌS	PRMDqXPlS	a_`NRpiS	`bkDgbX3nlX2]_^HSbpDXedonlX2vS	M_QN	HpD`bXdqXRNQgbcHSVp|a
Xepa_XUWfDd6n@`d]MOXea5j] Xd_aWhSWnl`bMOX2RcHS	pmnwcDpDX3]_^HSbpDXn@X3vS	M_QN	jHSVPQMDqXP$qXXdOXegNRpc<pDXfHSVMOaO`ba_`NRpnlXgﬀ Xd_fHSQ]X2n_qXaS	a
`bpD`ba_`SVgjQXd_a6Xpm]NQM_X3UwS	MORN	l`XepDpDX6^<NQUWNRPHhXp<XQﬁ*NQcDd&UWNRp|a_MONRpDd4RcDX]XaOa_X3f<MONQf<MO`5qXaDqX£XdOaqX5RcD`bQS	gbXplaOXWhSgﬀ XsD`d_aOXpm]X
nﬂ c<p]ﬃNQpDXfHNRgbt|^rqX5nlMO`RcDX3nBqX5]NQUfHNRdTSVkDgbX RcD`FXdOa`bplQS	M_`SVpla1fHSVM6gSU+SVaOM_`]X n@XdfDMONRkHS	kD`bgb`baDqXd6n@XaOMS	pDd_`a_`bNQpnlX£gS
]_^HSbpDX6NRMO`bPQ`bpHSVgXR BXgSpDNRcDd1fmXM_UWXaj|n cDp<X6U+SVpD`ihXMOXrc<pD`¤VqXXQjlnlXnBqXM_`RXMrnlX6pDNRcDQXS	clsWMDqXdOcDgbaS	aOdBdOc<Mrg!ÌSVPQMDqXeP|S	a_`bNQp
n@X ]_^HSbpDXdon@X vﬃS	MORN	2MDqX5n@cH]aO`bkDgbXd&Xaonﬂ NRkDaOXepD`bM6nlXdrfDM_NQfDM_`5qXeaDqXd&dOfmX5]aOMS	gbXdS	d_dOND]`qXXdWhS£gﬀ SVPQMDqXP|SVaO`bNQp
" ªm	¨Ł#ﬁ¦$B^HSbpDXnlX3vSVMOQN	jR[6PRMDqXPlS	aO`bNRpnﬂOqXeaTS	a_d5j%&NQpDXfmNQgbtl^4qX5nlM_`RcDXRjl¡p|QSVMO`S	pm]XfHNRdO`baO`bQX
 
	ﬀﬂﬁﬃ! "$#%'&''(*),+-' ./0 2134.5ﬂ(0$ (00&60 7)ﬀ8ﬁ9)' 7. :
; <
ﬁ3$#$W. +'rB5 ﬁ
=XeacDd3]NRpDdO`nlXeMSw^<NQUWNRPQXp<XNQcDdvS	M_QN	]_^HSV`bp?> jF`bp n@`d]MOXeaOXwNQM]NRp|a_`bp|c<NQcDda_`bUWXQjmNQp¬S Hp<`a_X2dOaS	aOXdOfHSR]XQj
nlXp<NQaOXnklt@Bjmr^D`]_^`bdoSVdOdOc<UWX5naONkHXA@CBED|YGFIH4H4HJFKMLl=XaONPBQDR*STYITFIH4H4H"FRASUVT,LkHX3SDsDX5nwfHSVMOa_`a_`bNQpwN	
@ `p?UXWPK7]gS	d_dOXdﬂX3SVdOd_N@]`SVaOX2r`baO^aO^<X2PQ`bQXpﬂ]_^HS	`bpY>7aO^<XWS	PQPRMOXPlS	a_X5n]_^HSV`bp%ZWj N	QXMaO^<X2dOaTSVaOX2d_fHSQ]X

@MBVDlYF4HIH4HFJUELlj|nlXHpDX5nwklt\[
Z7]^B`_baﬀc >A]edfRASﬂ_T5FﬃàNRM4SVpltﬀg5
ﬂX2S	MOX2`bplaOXeMOXd_aOX5n `paO^<XW`bpD`baO`S	gJnl`bdOa_MO`bkDcDa_`NRpDdNVh>7r^D`]_^PR`RXSVp SVPQPRMOXPlS	aOXn^DNQUNQPQXepDXNQc<d vﬃS	MORN	]O^mS	`bp
ZWB¡dOcH]_^¢Sﬂnl`bdOa_MO`bkDcDa_`NRpﬀXsD`bdOa_d5jB1XﬃdTSt>aO^HSVaWa_^DXwiSVUW`bgbtNV£vﬃS	MORN	ﬀ]O^mS	`bpDd2dO^mS	MO`bpDP aO^DXdTSVUWXwaOMS	pDd_`baO`bNQp
fDM_NQkHSVkD`bg`batUwS	a_MO`¤s?Sàa5 f U T*`bdij40
k
	l-G5nmr^DXàNRMOUXM1NRMONQpﬂgbcDUWfmS	kD`bgb`batWrS	d3]NRpH]XM_pDX5n r`baO^ﬂa_^DX
.&0 oM
	dO`ba_cHS	a_`NRpjJaO^mS	a2`bd5jJr^DXep8S	pltﬂ`bpD`baO`S	grnl`bdOa_MO`bkDcDa_`bNQp>gbX5SQnld2a_N¬S	pﬀS	PRPQM_XP|SVaOX5n ^DNRUWNQPRXpDXNRcDd
vSVMOQN	2]_^HS	`bpR¡aB^HS	drkmXXp]_^HS	MSQ]a_XMO`pXnàNQM0`M_MOX5n@cH]`bkDgbXvS	M_QN	2]O^mS	`bpDdB`pkq&XUWXplt2S	pHn­lpDXgbgnSTYrQGT1SVpHn£àNRM
S]gSVdOdBN	MOX5nlcm]`bkDgbXo]_^HS	`bpDd0`p2[&k n@XgsßvwNRpDX`bU S	pHnﬀ= XtldO`bXtXM$STYQ}'uvT4mr^DX&1XS	gc<UWfHSVkD`bg`bat&fDMONRkDgbXU ^HS	d$kmXXp
SQn<nlMOXd_dOX5n`bp%q&XUXplt+SVpHn­lpDXeggeSY5rRTejD[6knlXgsOvwNQp<X`bU S	pHnY= XtldO`bXtXMﬀSY5Q}R{TejHxrc<kD`bpDNWS	pHnﬃ­lXMO`]NRgSkSTYQ<YIT
àNRMr`M_MOX5n@cH]`bkDgbXvﬃS	MORN	+]_^HSV`p<d57w*pHnlXMSVpSRnDnl`baO`bNRpHS	g]NRpHnl`baO`bNRpjDa_^DXﬀSà^<NQUWNRPQXp<XNQcDdTrvS	M_QN	l`S	pwfDM_NQfmXMOatàNRM
aO^<XoS	PRPQM_XP|SVaOX5n]O^mS	`bpﬀZ ^HSVd1M_X5]Xpla_gtkHXeXpwfDMON	RX5n2`bpWLFXpDPbSTYQxGTJaON£kHXX5RcD`bQS	gbXpla$a_NMOXQc<`M_X$Z aON£dTS	a_`bdàtl`bpDP
aO^<X B^HSVfDU+SVps"q6NRgbU2NQPQN	M_N	3XQcmS	aO`bNRpDdS	pHnwa_^DXpaO^DX£dOXaNV1S	gbg`bpD`baO`SVgnl`bdOa_MO`bkDcDa_`bNQpDd&gXSQnl`bpDP2a_N+S	pS	PQPRMOXPlS	a_X5n
vSVMOQN	W]_^HSV`bpW`bd1Xs@f<g`]`ba_gt2PR`bQXpR[6drd_^DN	rpw`bp=XnlNQclswXa6S	gySTYQ0uTjR1XS	WgbcDUfHS	k<`gb`¤atN	$S	kDd_NQMOk<`p<PvSVMORN	
]_^HS	`bpDdr`baO^ﬂS	pﬃNQpDgbtwNQpDX`bMOM_X5nlcH]`bkDgbX2a_MTS	p<dO`bXpladOaTSVaOXW]gSVdOd5j `d]gbNRdOXgbtM_XgS	aOXnr`baO^aO^<X3fDM_Xl`bNQcDdBNQMOldcDd_`p<P
SﬂM_XdOXeaOaO`bpDP àM_NQU S	kDd_NQM_kD`bpDP¬d_aTS	a_XdwNQpﬀa_^DXa_MTS	p<dO`bXplawNQpDXdSR]]NQMnl`bpDP¬a_NﬂaO^DXﬂRcHS	d_`sid_aTS	a_`bNQpHSVMOt n@`d_aOM_`k<cDaO`bNQpF
[6PRPQM_XP|SVaO`bNQpwN	1SVp|tHp<`a_X3]NRp|a_`bp|c<NQcDd&aO`bUWXvS	M_QN	+]_^HSV`bp]S	pﬃkHXM_XfDgSQ]X5n`bpa_^DX3nl`bd]MOXa_X2aO`bUWX]NQpla_XsDa/SdOXX
=XnlNQclsYSY5RxTzT$S	pmnjlaO^DXeMOXàNRMOXQj<r`bgg<pDNQaBkHXnl`bd]cDdOd_X5n`bpWaO^<X6dOXQc<Xgl¡aO^<Xod_aTSVaOX6d_fHSQ]X9@ `bd4]NRcDplaTSVkDgbt3`bplHp<`a_X
BXoM_XàXM&aON{BS	gbgS	pmnﬀ|BXNSY5R:TBS	pmn= X5nlNRcls%SY5QGxTe
[¬gS	M_PQX$S	UNQcDplaDNVD1NRMO6NRpgc<UWfHSVkD`bg`bat1vﬃS	MORN	6]_^HS	`bpDdF`d]NQpH]XeMOpDX5n£`bpfDMON	l`bpDPBaO^DX$c<pD`]`bat6N	Da_^DX$aOMS	pDd_`baO`bNQp
fDM_NQkHSVkD`bg`bat2UwS	aOM_`¤sNV a_^DX3vSVMORN	|`SVp+S	PRPQM_XP|SVaOX5nw]_^HS	`bpDdmr^DXgb`bpDX5SVMrdOtldOa_XU S	fDf<MON|SR]_^jD`bpD`baO`SVg`pXn2kltW[&k nlXeg
s
vwNRpDX`bU SVpHn%= XtldO`bXtXMbSTY5R}Q{GToSVpHnﬃàcDgbgbtnlXRXgbNQfmX5n`bp x*cDkD`bpDNS	pHn­lXM_`]NQgS}STYQDY4Tja_N]NQUfDcDaOXaO^<X2dOXaN	
S	gbgF`p<`a_`S	gnl`bdOaOM_`bkDcDaO`bNRpDd6gbX5SRnl`bpDP2aONwS	pS	PRPQMOXeP|S	a_X5nvSVMORN	+]_^HS	`bp`bd6]Xep|a_XMOXnNQpa_^D`bd6fDM_NQfmXMOatl7~*N	1XRXM5jma_^D`bd
cDpD`]`batfDMONRfHXeMOat¬UwStpDNRa3^DNRgnﬃàNQM3SﬃPQXepDXMTSVgBHpD`baOXwvS	M_QN	ﬂ]_^HS	`bpnmr^DXWf<cDMOfmNQd_X+NV6aO^D`bdfHS	fmXM2`bda_NfDgSR]X
XUfD^HS	d_`bd$NQpPQXNRUWXa_MO`]S	g<fDMONRfHXM_aO`bXd6SVdOdOND]`SVaOX5nr`baO^2a_^DX1X5SV3gbcDUfHS	k<`gb`bat]NQpmnl`baO`bNQp2r^DXepWBXoS	M_X6`bplaOXM_XdOa_X5n
`bpS	PQPRMOXPlS	a_X5nvSVMOQN	W]_^HSV`bpDd6d_^HS	M_`p<P2aO^DXdS	UXoa f UR¡p+fmS	MOa_`]cDgS	MjD`ba6]S	pﬃkHXc<dOX5nwa_N2PQ`bQXSVpcDpD`¤HX5nl`bX
N	6a_^DXwfDMOXe|`bNRcDd3BNQM_ldWS	pHna_N nlXeMO`bQXwpDXyMOXd_cDgbaOdàNRM3PRXpDXMS	gBHpD`ba_XvﬃS	MORN	 ]_^HSV`bpDd5F[ràa_XM2MOXe|`bXr`bpDPdONRUWX
fDM_Xgb`U`bpHS	M_`XedNQpfmNQgbtl^DX5nlMS	g]NQpDXed5jR1X6SVpHS	gbtpXB`pW­@X5]aO`bNRpW{DjeàNQMBS6PRXpDXMS	g<HpD`baOX6vﬃS	MORN	3]_^HS	`bpr`baO^2aOMS	pDd_`baO`bNQp
fDM_NQkHSVkD`bg`batU+S	a_MO`¤s2j<aO^DXdOXa£N	1S	gbg`bpD`ba_`SVgnl`bd_aOMO`bkDc<aO`bNQpDd&r^D`]_^PQ`bQXS	PQPRMOXPlS	a_X5nvSVMOQN	]_^HSV`p<d6dO^mS	MO`bpDPwa_^DX
dTSVUWXra fF U5LFNQ`bplaO`bpDP£NQcDa$a_^DX6M_XgS	a_`NRp2kHXea1XXep+gbcDUfHS	k<`gb`¤at SVpHnfmNQdO`ba_`RXr`bp|QSVMO`S	pm]XrN	]NRpDXdB`bpW­lX5]a_`NRp:<jQBX
dO^<N	ﬀaO^HSVa1a_^D`bdrdOXar`bdBpDNQpXUWf<at3`¤aO^<XMOXXs@`bd_aOd6S iS	U`gbtN	!U fmNQgbtl^DX5nlMS	g]NQpDXed6r^D`]_^+SVMOX_`bp|QSVMO`S	plazoc<pHnlXM
dOc<ksiUwS	a_MO`]XdBN	JU+S	a_MO`¤s*2mr^<`dBMOXedOcDgba6S	gbgbN	rd$cDdra_N3d_aTSVaOX`bp+­lX5]aO`bNQpkuaO^HSVa1`¤a_^DXfHS	M_aO`baO`bNRpAN `bd4S£MOXHpDXUXpla
N	$a_^DXfHSVMOaO`ba_`NRpwN	$aO^DX£dOaTSVaOXdOfHSR]Xﬀ@¬`bpHn@cH]X5nwkltwaO^<XcDdOcmS	g]NQUU2cDpD`]SVaO`bNQpX5RcD`bQSVgXepH]XM_XgS	aO`bNRpjDa_^DXpBX
NQk<aTS	`bpﬂS	pXsDfDgb`]`ba6NQMOU2c<gS£NQMaO^DX2a_MTSVpDdO`baO`bNRpfDM_NQkHSVkD`bgb`atU+SVaOMO`¤sN	6S	pltkZwjr^D`]_^ nlXefHXpmnld3NRpDgbtNQp}N SVpHn
2lLJMOXe|`bNRcDdr1NRMOldr]S	pkHXl`bX1XnWS	drnl`bMOX]a6S	fDf<g`]SVaO`bNQp<d$N	JaO^D`bdBMOXd_cDgba5mr^DM_NQcDPR^DNQcDar­lX5]aO`bNQpY:SVpHnW­lX]aO`bNQpkumj
QS	M_`bNQcDdfDM_NQfmXMOa_`Xed3M_XfHNRMOa_X5n `p?=XnlNQclsSTYQG:Tj [6knlXgsßvNQpDX`bU S	pHn?= XtldO`bXtXMSY5R}0uvTSVpHnﬂLFXpDP?SY5QGxTS	M_X
XsDaOXepHnlX5nwa_N2PQXp<XMTSVgHpD`ba_X vﬃS	MORN	+]_^HSV`p<d4SVpHnpDX dOfmX5]aOMS	gJMOXedOcDgbaOdSVMOXS	gbdON2nlXM_`bQX5n
 $B5 ﬁ
mr^DX$d_XaNVHS	gbg	fDMONRkHS	k<`gb`batrnl`bdOaOM_`bkDcDaO`bNRpDdNRp9@r`bgbg	kHX$nlXepDNQa_X5nkltlW5mr^DXJd_cDfDfmNQMOa! N	HSBfDM_NQkHSVkD`bg`bat6nl`bd_aOMO`bkDc<aO`bNQp

`bdonlXmpDX5nS	d6a_^DXPQMOXS	aOXedOadOcDk<dOXaNVj@ﬀS	fHSVMOa*àMONRU a_^DXn@`d_aOM_`k<cDaO`bNQpw`bdpeXMONmj` XR

STB¢~àNRMoSVgg^edŁ
S	pmn

Sﬂ6T$B ~£àNQM^d%w
{$t]NQplQXep|a_`bNQpjeQX5]a_NQM_d1S	M_X$MON	ﬂRX5]aONRMOd BNQgbcDUpoRX5]a_NQMOd$SVMOXB`pmnl`]S	a_X5nkltUWX5SVpDdN	Ha_^DXBaOMTSVpDdOfmNQd_XrNQfmXMTSVaONRM
SJHT81mr^<XQX5]aONQMr`baO^S	gbg`baOdo]NQUWfmNQp<XplaOd6XQcmS	ga_NYSàMOXedOf~T*`bdonlXp<NQaOXnUXMOXgbtk|tYﬀSMOXd_f~Temr^DX£QX5]a_NQM
ÑÑyÒjI,Ï5Û
u  0ﬀ,. 1'	

nlXepDNQa_XdraO^DX3 aO^wQX]aONRMrN	a_^DX]S	p<NQpD`]SVgkHS	d_`drNV¡ x	2QﬂXnlXp<NQaOXklt
aO^<Xo`nlXep|a_`bat2U+S	a_MO`¤sWS	pHn k|tWn@`SVPSGT
Sklt nl`SVPS

TzTa_^DXkSàkDgbND]_Tnl`S	PRNQpHSVgUwS	a_MO`¤sr`a_^ﬂPQXp<XMO`]Wn@`SVPQNRpHS	geSàk<gND]_TXplaOM_t Sﬂ6TSàa_^DX2U+SVaOMO`¤s

Tja_^DX
n@`UXpDd_`NRpDdBkHX`bpDP2nlXmpDX5nwkltWa_^DX3]NRplaOXsDa5
mr^DXw]S	Mnl`bpHS	gb`batNV6aO^DXw]gS	dOdﬀRASﬂ_T-`bd3nlXpDNRaOX5n kltnS_T2FﬂXWS	d_dOcDUX2aO^DXdOaS	aOXed2N	@ NQMTn@XMOX5n d_cH]_^¬aO^mS	a
R*S_T!B DnSTY4TnSﬂ_ﬁﬀ Y4T8YGFIH4H4H"FﬂnSTYITﬃnS_T,LàNQMY! _" U Sr`a_^#nSi~TBﬀ~DT
<NQM3SVpltdOcDk<dOXaﬀR-N	@ESàr^DNRdOXW]SVMTnl`bpHSVgb`atﬃ`d$\TS	pHn

d ja_^DXWM_XdOa_MO`]a_`NRpﬂN	

a_N%R2j` XQa_^DX2QX]aONRM
S

ST5FedCR3Tjm`bdonlXepDNQa_X5nklt
&%
NRM'
%!
)(&paO^DXNQa_^DXM^HSVpHnjS2RX5]aONRM+*¬NRp,Ì~FYﬂ-/.1032541]SVpkmX3l`bXBX5nSVd6a_^DX
RX5]a_NQM$NRp#, ~yF5Y6-

nlXmpDX5nklt\[7,5'+8"9
2
*ﬁ-ﬂSTjB ~`¤ ;:d%RASﬂ_TJS	pHn<,5'=8>9
2
*ﬁ-Sﬂ6TB?*^Sﬂ@ﬀnSTY4TAﬀ#BﬀnS_ﬀYITzT$`¤  dfR*S_Te
¡DC`bdoSdOc<kDdOXaNVj SMOXd_fNV	,Ì~yF5Y6-
.A0/254
T*aO^DXpE'
2
C?SàM_XdOf"'
8"9
2
C\T6nlXp<NQaOXedoa_^DXd_XaAD

%
0/254
:

dFCnL$GH, ~yF5Y6-
.10/254
SMOXd_fnD'
8>9
2
*:$*Md<C LIG>¡ x	3T
¡!RJG @>S	pHn
 %
Y B ~Dj

%
`dBaO^<XoRX5]a_NQMrN	^ n@XHpDX5nklt

%
ST!B

STK:DLNM@O
%

S/PTB`¤ ^dYR S	pmnWkltW~£`¤
;:dfR 
Q R
#0		
 5ﬁ+£#B5,  ﬁ '&2ﬁwo, ﬁ+.TS  	ﬃ
£	5
UWVKX YFZD[]\_^`+Z_acb]d]\"e]f7g&a+hZ_[]\Z&ijKkNl
mr^<XkHS	d_`]nlXHp<`a_`bNQpDd2NRpﬀaO^DX]NQpDXed+S	M_XMOXe|`bXBX5n àMONRU {0XM_U+S	pﬀSVpHn>LJgbXUWUNQpDdﬀSY5GrQTe!mr^DM_NQcDPR^DNQc<a2aO^D`bd
d_cDkDd_X5]aO`bNRpC nlXp<NQaOXed3SdOcDkDd_XaNV4¡Ìx
.
<NQMS	plt#CJj­lfHSVp\SmC\T SàMOXedOfF[t!SBC TzT6M_XàXM_d3a_NwaO^DX2gb`bpDX5SVM3SàM_XdOfFSnWpDXIT
^lcDgbgBN	IC^mr^DXdOXa	BNQpDX'SmC\T2nlXpDNRaOXd2a_^DX]NQpD`]SVgr^lcDgbg1NV R aO^mS	a2`bd3a_^DXWd_XaWNVoS	gbg0HpD`baOXwpDNRpDpDXPlS	aO`bRXWgb`bpDX5S	M
]NQU2kD`bpHSVaO`bNQpDdJNVaO^<XXgbXUWXep|a_d1NVoCJmr^DXXgbXUXplaOdBN	&CS	M_X ]eS	gbgbX5n2a_^DXPQXepDXMTSVaONRMOd6NV BNRpDX0SmC\Tl¡ BNRpDX0SmC\T!BﬃC
a_^DXp C+`bdr]S	gbgbX5nS)0 7e BNQpl2SmC\T$`bdBaO^DX&dOXarNVS	gbg<HpD`baOX]NQplQXsWg`bpDXS	M1]NRU2kD`bpHS	a_`bNQpDdJN	a_^DX6XegXeUWXplaOdBN	>CJmr^DX
1'ﬀ5 .56' N	 Sd_cDkDd_Xa]Cw`bd6nlXHp<X5nwkltWnl`bUSBC TB8nl`bU [Ot!SmC\Tmr^DX`bplaOXM_`bNQMrN	&CMOXegSVaO`bQX&aON2a_^DXSnWpDX&dOfHSR]X+q
`bd6nlXepDNQa_X5nwklt2`bp|asr!SBC Te
t¦vuDw&xàxàªywz{/|~} -'
4+J1'&J'-)' 7"C%ﬂﬁ&
.
 . +-.I'
	G0 ., ﬂﬁO.54.J" ﬂﬁ! 70&+-'*,o' 70	G. 7ﬂ	-'
ﬂ6,.ﬂ
36ﬁCkBVDfd
.
:ﬁŁ ~fLi^+-&J! d#
.ﬁ7
>2	-),+%)0 23./b)54.I1)0 (06ﬀ.,	,.Iﬂﬁ]
.

ﬂX&MOX5]eS	gbga_^HS	a6SkmNQcDpmnlX5ndONRgc<aO`bNQpdOXa&N	 Sd_tldOaOXeU N	gb`bpDX5SVM1`bpDXQcmS	gb`baO`bXdr`bd4]eS	gbgbX5nwS3048,-*N	J¡ x
.

[ ]NQplQXs]NRpDX+C`bd0 "1`¤oC}SKﬀ;C\TjBED	~LS	pHn}.I061&`¤ `bplac GSmC\T B~< rNRaOXaO^mS	aoS2]NQplQXswdOcDk<dOXaIC`bd
d_cH]_^aO^mS	ar`bpla
rﬁ
04
SmC\T$BDDF`bpHS	gbgbtljQS2]gbNQd_X5njDfmNQ`bplaOXnjldONRg`n]NQplQXs]NRpDX`bd4]eS	gbgbX5nwSA7&J,-&1]NQpDXQ
[&p`ﬂ4&5ﬀ0mNV*SfmNQ`bplaOX5nfmNQgbtl^DX5nlMS	g1]NQpDXC `dS	pXgbXUWXplar^D`]_^¬]S	ppDXRXMkHX2rM_`a_aOXp¬SVd3SpDNQp<pDXP|Ss
a_`bQXgb`bpDX5SVM ]NQU2kD`bpHSVaO`bNQpDdBN	BNQaO^<XMOdXegXeUWXplaOdNVCm[ fmNQ`bplaOX5nﬃfHNRgbt|^<X5nlMTSVg$]NQpDX`bd&HpD`baOXgbtwPQXepDXMTSVaOX5nklta_^DX`bM
Xs@a_MOXUwS	gbd5
t¦vuDw&xàxàªywz{z ,oC`A)' 7ﬀﬂﬁ]
.
>C
9
' 71=Ck ieA.5	ﬂJ)0 2.*8ﬁ]C&]n+/)0 2IC.$6+ﬀ10&J),e.,	 ﬂﬁ
C
9
' 71!C7@^+-j.91G5 24"J1b5!CBﬃC
9)
C7@! ﬁB­lfHSVp\SmC
9
T)2­lfmS	p\SBCT!BVD	~L0 71CBﬃC
9
EC7@ﬁl.5	)+Y)J' 7,.C
9
' 71=C7ﬂ0.0 71b0&JA10 .Jﬂ 7),7ﬁ5&0QD	~Lv +- }6+/)0 2;C.$.I061*8bJ 1)0l-.G5
UWVcU  \>g&¡¢as£]¤¢`!go¥!¦Kas¦c§@b¨Z©iªgJ«I[]¦¬§\­®g&f7¡DZ°¯±hyd]g&¦K[
= Xa> BES6>
.
T
.7²³
kHXS2^DNRUWNQPRXpDXNRcDdrvS	M_QN	]_^HS	`bpwN	QXM&dOaS	aOX£dOfHSR]X*@BjPR`bQXpwkltW`baOd&aOMS	pDd_`a_`bNQpfDM_NQkHSVkD`bgb`at
UwS	a_MO`¤s* BVSﬂASzFcPT"T
B´
M@O@µ
SVpHn2`baOdB`bpD`baO`S	gmnl`bdOaOM_`bkDcDaO`bNRp
W¶
r^<XpwpDX5]Xd_dTSVMOtw1XnlXpDNRaOX`ba1kltkS

F3Te=Xa*SzFJR3T
n@XpDNQa_XaO^DXaOMS	pDd_`baO`bNQp2fDM_NQkHSVkD`bgb`atN	UN	l`p<P6`bpWNRpDX6d_aOXfàM_NQU d_aTS	a_X Ja_N3a_^DX6d_cDkDd_Xa R NV @BjlaO^HSVa1`bdASzFR3T^B
L
M@O
%
ASzF¬P'Te=Xa
%
0/254
%
0·;4
kmX6a_^DX+nS_T_¸¹nScºTBd_cDksU+S	a_MO`¤s3NV  PQ`bRXpWkltbSASﬂ"F¬P'TzT

O
%
0/254
´
M@O
%
0·;4
lﬂX6n@XpDNQa_X
a_^DXS	PRPQMOXeP|S	a_X5nw]_^HS	`bp]NQp<dOaOM_cH]a_X5nwMONQU S

FJ T$r`baO^MOXd_fHX]aaONaO^<XfHS	M_aO`baO`bNRpﬀN klt<»¼v¼S

FF8N/T
t¦vuDw&xàxàªywz{½J} .Iﬂ5	 7)kSﬂR
³
FJR
9
FIH4HIHFR
M
TY8ﬁ.5	,.,.fﬂﬁA@ .)0J1b4..56 lﬁI'&ﬀ+-k y010.ﬂ&56	ﬂ6' 

 ﬁ¹¾&¿\S>
³
dVR
³
Fz>
9
d R
9
F4HIH4HF">
M
dVR
M
TpÀ ~7=Áh ( `0 y1'.&55	Gﬂ60 

d` ' 71Cb4..56 .IÂ	5 2)J
¼½ÑF¼¿
 
	ﬀﬂﬁﬃ! "$#%'&''(*),+-' ./0 2134.5ﬂ(0$ (00&60 7)ﬀ8ﬁ9)' 7. x
SR
³
FJR
9
F4H4HIHFR
M
TﬁI0&

!ijA)J' %1 ﬃ! 7 +- (0J),"0& \S

FJR
³
FJR
9
FIH4HIHzFJR
M
T}d  &)5	&.5(05*
 \S

FR
³
T B

%
  S

FJR
³
FJR
9
F4H4HIHFRIT B S  S

FR
³
FR
9
FIH4H4HJFR
8>9
T"3T
% 	
 YGH

 0&30 ARVd<C" kS

FR3T31 74",.36+$.5	,.,ﬂﬁ/' 10.ﬂ&56	G6' .98ﬁ$+-ﬁI0&5  \S

FR
³
FIH4HIHFRFR3T
mr^DX+SVfDfDM_N|SQ]_^>nlXQXegNRfHXn¬`bpCq&XUXplt SVpHn¬­lp<XgbgSY5rRTSVpHnﬂ`bp¬x*cDkD`bpDNSVpHnﬂ­lXM_`]NQgS?SY5R}QT£]NQpDd_`bdOaOd2`bp
MOXerMO`baO`bpDPaO^DX2]NQpmnl`baO`bNQpHSVgXsDfDMOXedOdO`bNRpﬂ¡ LD¿ S6>
.
9
dRAScºTy>
.
dCRASﬂ_T5Fz>
.
8>9
d R
.
8>9
F4HIH4HF">
³
dR
³
T$Sin@XHpDX5n
àNRM3S	plt SR
³
FJR
9
FH4HIH5F!R
.
8>9
FRAS_TzTfmNQd_dO`bkDgbXàNRM

T3SVd¡ L\S6>
9
dVRASºbT"T£r`a_^*`B  S

FJR
³
FIH4HIHFR
.
8"9
FRASﬂ_T"Tej
aO^mS	ar`bd5j<`pw`bpH]gbcHn@`p<P3a_^DXfHSVdOa6`bplaON2a_^DX`bpD`baO`SVg nl`bd_aOMO`bkDc<aO`bNQpl[ pDX5]XedOdTSVMOtSVpHndOcAn+]`Xep|a]NQpmnl`baO`bNQpàNRMZ a_NWkmX
S^DNRUWNQPRXpDXNRcDdrvS	M_QN	W]_^HS	`bpw]S	pwkmXXsD^D`bkD`baOX5nr`baO^<NQcDarS	pltWfmS	MOa_`]cDgS	MrS	d_dOcDUfDaO`bNQpNQpk>ﬂ

2¦D #àz°{ n+Y)+0 MZ B »v¼¼S

FJFsC\T.Y}+-'*,o' 70	G.Y#%'&''(%),+-0   ﬁ' 71C' 
M ﬁ _ﬂFﬂº d

@_ +-
7&¾  S6>
9
d R*SºTzT .ﬀ6+ﬀ.I'*lﬁI'&(&5*Vd kS

FJRASﬂ_T"Tn+.)0A*' C(00
	k ./+-bﬂ&J' .5ﬂ60 
7&eﬁI'&+-A),+-0  Z "ﬀﬀ0(0ﬁ5&J'Q.88l_e"A.88	º#

2¦ ﬂD|8<NQMSW]_^HSV`p S

F3Tj<aO^DXdOXea S

FJR TrU+StkHXXUfDat|mr^mS	a`bUWfDgb`bXdBaO^HSVaoBX2]S	pp<XQXMSQ]]XedOda_N
aO^<X3d_aTS	a_XdNV a_^DX2]gS	dOd3R r`ba_^

S	d&`bpD`baO`S	gnl`bd_aOMO`bkDc<aO`bNQpBNRpDdOX5RcDXep|a_gbt|j\R ]SVpkmXXgb`U`bpHS	a_X5n2NV!N r`baO^SVplt
MOXefHXM]cDd_dO`bNQpDdNRp+a_^DX3SVpHS	gbtldO`bdBN	a_^DXS	PRPQMOXeP|S	a_X5nfDMOND]XedOd5

xrXd_cDgba4{< u n@XaOXM_UW`bpDXd0aO^DX&aOMTSVpDdO`ba_`NRp2fDMONRkHS	k<`gb`batUwS	aOM_`¤s NVaO^DXS	PRPQMOXeP|S	a_X5nfDM_N@]XdOdrr^D`]_^WUwStnlXfmXpHn2NRp
aO^<Xo`bpD`ba_`SVg n@`d_aOM_`k<cDaO`bNQp

SVdrdO^DN	rpwkltWa_^DX&àNQgbgbN	r`bpDPXsHS	UfDgbXQ
 ﬁﬀ #¦E|`=Xarc<d6]NQpDd_`nlXM6a_^DXaBN3`bM_MOX5nlcm]`bkDgbX3vS	M_QN	W]_^HSV`p<drr`a_^WM_XdOfmX5]a_`RX3a f U
9
S	pHnk&A[

9
B
ﬂﬃ
Y:'u Y:0u Y:R{
~ Y:Q x:R
r:R} Y:Q} ~
 
oB
ﬂ!
!
ﬃ
Y:Q Y:R Y:: Y::
Y:: Y:G: Y:Q Y:Q
Y:0u Y:'u Y:0u Y:0u
Y:0u Y:'u Y:0u Y:0u
#"
"
 
H
¡aJ^HS	dFkHXeXp2dO^DN	rp`bp/q&XUWXep|tSVpHn3­@pDXgbg2STY5GrQGTaO^mS	a5jeàNRM 
9
jaO^<XrdOXaJN	S	gbgl`p<`a_`S	gQnl`bdOa_MO`bkDcDa_`bNQpgbX5SRnl`bpDP6a_NoS	p2S	P's
PQM_XP|SVaOX5nvSVMOQN	]_^HSV`pSQ]]NRMTnl`bpDPa_N6aO^<XrfHS	M_aO`baO`bNQplN
9
BVDGD|Y'LvFD®{F:LGL`bd&q
9
B D%$

9
bSTYyﬀ$2TSi~yF5Y::yFT{v::Ty:o~= 
$  Y0Ll1<NQgbgbN	r`bpDPaO^<XdS	UWXwrStﬀS	dW`bpﬀxrc<kD`bpDN¬S	pHn ­lXMO`]NRgSSTYQ<YITj0aO^DX]NQM_MOXd_fHNRpHnl`bpDP>dOXaàNRM

SVpHn
N

B DD|YGFT{-LvFD:yF"uLGL4`bd;q

B D%$ STY:R{FY:R{F~F~T7'&
)(
STYWﬀ*$ ﬀﬁ& T
,+
:2~$ -$nF.&  Y0Ll=Xa$¢kmXaO^DX£U+S	a_MO`¤s
nl`S	PSﬂ

TS	pHn N B DDlYFFrLF5D	{F":yFﬂu7FxGLLlH¡a`bd2X5S	d_t¬a_N ]NRpl|`bpH]X+NRcDMOd_Xg¤oa_^HS	a2a_^DX]O^mS	`bp »v¼¼yS

9
FJOFﬂN/T`bd2S
^DNRUWNQPRXpDXNRcDdrvS	M_QN	W]_^HS	`bpl¡a_draOMS	pDd_`a_`bNQpwfDMONRkHS	k<`gb`batU+S	a_MO`¤s2`d
/

010#2c4
B43
Y:0u :v:0u
rv:DY5{ xv:DY5{'5
H
¡pwaO^DXdS	UWX&4StljlaO^<X ]_^HSV`bp»v¼v¼S
76
FJF8N/T$`bd6S^DNRUWNRPQXpDXeNQcDd1vﬃS	MORN	+]_^HSV`pr`baO^wa5 f U
/

01098K4
B
3
Y:Q{ Y:Q{
Y:Q{ Y:Q{ﬁ5
H
ﬂXrpDNRaOX6a_^HS	a
/

0
2
SYFYITnB Y:0u`bdrS	p2X`bPQXep|QSVgbcDXrN	UwS	aOM_`¤s*
%
0
9
4
%
0
9
4
r^D`]_^W`bd1nl`bd_aO`bpH]a0àMONRU aO^DX&dOfmX5]aOMS	gFMTSQn@`c<d
Y:R{NVa_^DXpDNRpDpDXPlS	aO`bRX6U+SVaOM_`s :
=XacDd]NQp<dO`nlXMS2f<MONQkmS	kD`bgb`batWnl`bdOaOM_`bkDcDaO`bNRp

SVpHnwXgb`bUW`bpHSVaOXoSVgbgaO^<X3]gS	d_dOXdNV$aO^DXfHS	M_aO`baO`bNRpN r^D`]_^]SVp
pDXRXMrkmX SR]]Xd_dOX5nﬃklt2aO^DX]_^HSV`p}S

F3TjRaO^HSVar`bd1a_^DX]gS	dOd_Xd R*S_TOS_nd

@!T0dOcH]_^a_^HS	aekS

FRAS_TzT^B~<lﬂX6NQk<aTS	`bp
ÑÑyÒjI,Ï5Û
  0ﬀ,. 1'	
SpDX d_aTS	a_XWd_fHSQ]XSVpHnﬂSwpDXyfHS	M_aO`baO`bNQpﬂNV6aO^DXdOcDk<dOXa2NVO@ r^D`]O^¬SVMOXwS	P|SV`bp nlXepDNQa_X5n k|t?@¢S	pmn}N àNQMp<NQa
UwS	l`bpDPaO^DX&pDNQaS	a_`NRp2^DX5Sl`bXM5l `a_^2aO^HSVarpDXﬀfmS	MOa_`baO`bNQpANWjDS	gbgmaO^DX&dOXa_dkS

FRASﬂ_T"T$SVMOXpDNRa1XUfDat2S	pHn 1X]S	p
n@XHpDXUwS	a_MO`¤s
/

0
¿
4
`bpWaO^<XàNQgbgbN	r`bpDPU+SVpDpDXM4[	àNRMrX5SQ]_^Y_nd

@rjDgbXa;*kHXSRX5]aONRM6`bpkS

FJRASﬂ_T"TrSVpHndOXa
/

0
¿
4
S_ﬂFﬂºT B ¡ÌL  S6>
9
dYRASºbT"T  º d

@H
¡]»v¼¼yS

FJOFﬂN/Tr`bdS^DNQUNQPRXpDXNRcDdovSVMORN	fDMOND]XedOdaO^DXpﬂ`ba&àNRggbN	rdBàM_NQU xrXd_cDgba {< uWaO^mS	a
/

0
¿
4
`bdaO^DX2a_MTS	p<dO`s
a_`bNQpfDM_NQkHSVkD`bgb`atU+SVaOMO`¤swN	1a_^D`bd SVPQPRMOXPlS	aOXn]_^HSV`pF = XacDdpDN	 n@XHpDX2a_^DX3d_Xa5jFnlXpDNRaOX5nkltk S
/

0
¿
4
TjmNV4S	gbg
`bpD`ba_`SVgnl`bdOa_MO`bkDcDa_`NRpDd;*ﬂgbX5SQn@`p<P2aONWS	pS	PQPRMOXPlS	a_X5n^DNQUNQPQXepDXNQc<d6vS	M_QN	Wf<MOND]Xd_d»v¼v¼Sm*!FF8N/Trr`baO^a_MTSVpDdO`baO`bNRp
f<MONQkmS	kD`bgb`bat3UwS	aOM_`¤s
/

0
¿
4
[
 S
/

0
¿
4
T!B D+*Mdk±:»v¼¼ySm*!FFsC TB`bd6S^DNRUWNQPRXpDXNRcDdrvS	M_QN	W]_^HS	`bpr`a_^wa5 f U
/

0
¿
4
L
mJNgb`PR^laOXpﬂa_^DXwfDMOXd_XplaTSVaO`bNQpj  r`bgbg4SVgd_NMOXàXMWa_N%  S
/

0
¿
4
T`¤oa_^DXM_X+`bd2pDNﬂS	U2k<`PRcD`batQ2mr^DXS	`bU N	aO^D`bd
d_cDkDd_X5]aO`bNRp`bdraONWS	pmS	gbtpX6fDM_NQfmXMOa_`bXdN	a_^D`bdrdOXa&r^DXpw`bar`bd1pDNRarXUWf<at|
= Xa6cDd6n@XHpDXa_^DX&àNQgbgbN	r`bpDPUwS	aOM_`]Xd5

<NQMrS	plt_ d

@Bj7
2
nlXepDNQa_Xd6a_^DXnS_ TW¸fK dOcDk-siUwS	aOM_`¤sWN	 [2SASﬂ"F¬P'TzT

O
%
0/254
´
M@O
	


 nlXpDNRaOXda_^DX/K ¸YU U+S	a_MO`¤s+nlXmpDX5nﬃk|t\[  d@Bj  º d

@rj

*SzFÂºbTjBVASﬂ"FRAScºT"TeH<NQMS	plt_ d

@rj<1X
nlXp<NQaOXklt


2
aO^DXnSﬂ_TW¸YU d_cDksU+SVaOMO`¤s2N	

ﬀ[2S

ASﬂ"FﬂºTzT

O
%
0/254
´

O	


mr^DX3_ba_^+M_N	8NVa_^DXdOa_ND]O^mS	dOa_`]U+SVaOMO`¤s
/

0
¿
4
`bd6nlXpDNRaOX5nwklt
/

0
¿
4
2


<NQM$S	gbg_nd

@*j	1XBdOXea
2
B


2
ﬀ+Y5
/

0
¿
4
2
ScnS_Tﬁ¸$UVT1SVpHn àNQM$S	pltIP$ YRj	BX4nlXHpDX6a_^DXBàNRggbN	r`bpDPK¸ U
M

9
kDgbND]_Wnl`S	PQNRpHS	gmU+SVaOM_`]Xd
 9 B nl`S	PS
2
TF 
M

97B nl`S	PS
2

M
 T5H SYIT
ﬂXSVMOX`bp+fmNQd_`baO`bNQpwaONWSRnlNQf<araO^DXgb`bpDX5SVMrdOtldOa_XU S	f<fDMONlSQ]_^àMONRU xrcDk<`p<NWS	pHnw­lXM_`]NQgSbSTYQ<YITBS	pHn`bpwaO^DXdS	UX
UwS	pDp<XM5jR1X£^HSQX[
S
/

0
¿
4
T^B
M
²
9

M
r^DXMOXQ
M
B D*MdY :+*>

 Bﬀ~yF>àNRM
	
¢YALvH
*N	jlX5SQ]_^wfmNQgbtlaONQfmX$
M
]S	pwkmXdOXXpS	draO^<XaOMSQ]XNRpWa_^DXdOXea-N	a_^DXàNRgbgN	r`bpDPfmNQgbtl^DX5nlMS	g]NRpDX[
C
M
 
B D*F>~:$*>

 B ~F0àNRMoYI 
	
 PLvF S{T
a_^HS	a&`bd 
M
B C
M
k àNRM;P ~fSàr`baO^a_^DX2]NQplQXep|a_`bNQp#C
³
B ¡ x


S	pHnk
³
BVTe BNQpDd_X5RcDXplaOgbtljm1Xp<NQaOXaO^mS	a
 S
/

0
¿
4
T!BﬃC S
/

0
¿
4
Tb-r^DXM_X+C S
/

0
¿
4
T
 
Bﬀ
M
²
9
C
M
S	pHnBX^HSQX
 S
/

0
¿
4
T9B?3aﬀc C S
/

0
¿
4
T$B D®~-LvH
*N	j`¤|BX$pDNRaOX$a_^HS	a"C
M

9
`bdnlX5nlcm]X5n£àM_NQU?C
M
kltoSVaOaTSR]_^D`bpDPraO^DXOSàXRXplaOcHSVggbtTSQn<nl`baO`bNQpHSVgQ]NQp<dOaOMS	`bplaOdSm*>

M

9
B
~GTrS	pHna_^HS	a6nl`bU SmC
9
T K aO^DXpﬃaO^DXNQgbgbN	r`p<PoXs@a_XpDd_`NRpN	^mr^DXNRMOXU :D u£àMONRU x*cDkD`bpDN2S	pHn­lXMO`]NRgSbSTY5RDY4T$`bd
`bplaOc<`a_`bQXgbt2]gbX5S	M4[
CﬁS
/

0
¿
4
T!BﬃC

Sﬂ:T
r^<XMOX/K `bdBaO^DXplcDU2kmXMBN	JdOaTSVaOXd&N	$aO^<XoNRMO`bPQ`bpHSVg ]_^HSV`bp
ﬂXJpDNRaOXJàM_NQU aO^DXrnl`S	PRNQpHSVg5d_aOM_cH]aOc<MOXrN	Da_^DX$U+SVaOM_`]Xdo

M

ja_^HS	ajàNRM* ~Dj*Md#C
M
aﬀc4 _ d

@eFo'
8>9
2
*
%
0/254
d
C
M
l¡a6SVggbN	rdBcDdraONWn@XMO`bQXfHSVMOarNVaO^<XàNQgbgbN	r`bpDPgbXUWUwSD
¼½ÑF¼¿
 
	ﬀﬂﬁﬃ! "$#%'&''(*),+-' ./0 2134.5ﬂ(0$ (00&60 7)ﬀ8ﬁ9)' 7. r
 0¦ﬁ ﬂEz{ ,/	G..I!C
M
2
B '
2
C
M
ﬁ40&Y5(0&5_ d

@;k +-0(06jﬁI0&k0"PN Y C
M
B

2
O 	
'
8"9
2
C
M
2
i^+5&
'
8>9
2
C
M
2
GC
M
./$04+-10&0 )0 2ﬀﬂﬁ]  C
M
2
.3 -'
4+-1'&J0 )' 7ﬀﬂﬁ;
.A0/254
 
ﬀJ	ªª{FﬂXo]SVp]_^DX5]_2àM_NQU-aO^DXnlXHpD`baO`bNQpwNVaO^<Xod_XaOdIC
M
SdOXXﬀSYITej\Si{GT"TBa_^HS	aBàNRMDP$ YRj
C
M
2
B	*Md+¡Ìx
.A0/254

:=*>
2
Bﬀ~-S	pHn * 
2


7B ~FY! 
	
 PIﬀ Y
AH S6uT
BNQp<dOX5RcDXpla_gtljAC
M
2
SMOXd_f'
8>9
2
C
M
2
TB`bd6SfmNQgbtl^DX5n@MTS	gJ]NQp<XoNV¡Ìx
.A0/254
SMOXd_fm¡ x  Te
mr^DXBXgbgsilpDN	rp pDX5]Xd_dTSVMOt8SVpHn dOcAn+]`bXplaw]NQpHn@`a_`bNQp¬M_XfmNQMOa_X5n `p q&XUXplt¬S	pHn>­lpDXegg STYrQGTNQM2^HSl`bpDP
dOa_MONRpDPWgbcDUfHS	kD`bgb`bat3NVSJHF3T0r`a_^S	pﬃ`M_MOX5n@cH]`bkDgbX3UwS	a_MO`¤s ]S	pkHXXsDaOXepHnlX5nﬃaONwS2PQXepDXMTSVgJdOaOND]_^HSVdOaO`]£U+SVaOMO`¤s
mr^DX&NQpDgbtMOX5RcD`bMOXeUWXpla$`bdBaO^HSVa1S	gbgmaO^DXS	PQPRMOXPlS	a_X5n2]_^HS	`bpDdBdO^HSVMOX&aO^DX&dTS	UXra5 f U
/
R¡pWaO^mS	ar]S	d_XQjlkltnlXHpD`baO`bNQpFj
aO^<XWS	UW`bgbtYSHFJ3T N	ovSVMOQN	¬]_^HSV`bpDd3`bdd_aOM_NQpDPRgtﬂgbcDUfHS	k<gX`¤ S
/

0
¿
4
TAB  NRMC S
/

0
¿
4
T/B ¡ x 

àNRMSVplt

dVJ¡pﬂiSR]a5jF`ba3`bdX5RcD`bQS	gbXplaaONMOX5RcD`bMOXwa_^HS	aA
9
B 
³
NRMC
9
B C
³
 rN	j"C
9
B ¡ x 

`bdX5RcD`bQS	gbXplaa_N

 9
B8~£NQMra_NkS
2
B8~yF  _\d

@^TBr^D`]_^S	M_Xof<MOX5]`bd_Xgbt+a_^DX3]NRpHnl`baO`bNRpDd1PR`bQXpwklt2aO^DX àNQgbgbN	r`bpDPaO^DXNRMOXU
J¦lªH	¦  z°{ﬁkijk&Â	&J+-*0+-M4o4o&ﬂo4"1?)+0 -..+-'&Jb+-b.I'*bﬂ&J' .5ﬂ60 M7&}*&5 
+- k6+^ﬁI'/3SHFJ3T$ﬂﬁl#%0&,''(*),+-' .3..ﬂ&J' o/	 $ ﬁ9' 71' 
A ﬁ^ﬁI'&9G)+A-'& 8ﬁ/)54..I.RAS_ T30 71
RAScºTﬂ^ASzFJR*SºTzT/1GI,.3 7418- 71k0 b^dYRAS_T
¡pWfmS	MOa_`]cDgS	MjQa_^D`bd1M_XdOcDgbar`bdBpDX5]Xd_dTSVMOtwaON3n@XMO`bQXd_NQUWXrM_XdOc<ga_dr`bp2[6knlXgsßvNQpDX`bU SVpHn= XtldO`bXtXM$STYQ}'uvTJa_^DNQcDPR^
aO^<X ]_^HSVMTSR]aOXM_`p5S	a_`NRpXsDfDgb`]`baOgbt2cDd_X5nw`bd1a_^DX/q&XUXpltWS	pHnw­lpDXeggﬀ dBNQpDXr`ba_^WaO^<X`bMOMOXnlcH]`bkD`bgb`batWS	dOd_cDUWf<aO`bNQp
 

		ﬁ+./ﬂ3,0B% 	ﬁ3%#B5ﬁw'6
t¦vu©w&xxª7w½°{/|~} *&·q  0(0.ﬀY)0 7!CVﬂﬁ&¡ x

  ('&56' 9'&/ﬀ4ﬂ&5·Iq ./ 20  78o4ﬂ(00 M+-ﬀ)' 7IC"
+-4i!  A1 74"1Iq

 ~! ﬁ!ﬁI'&9(05&5+bd<C 6+3(0)"0&;yqVdªC

/6ﬁC)qJGC !n+-3)0 2!C .l.I061*8bJ
4.5ﬂ(
A (00&60 ﬀ*&5 q$
­lNRUWXrdOfmX5]a_MTSVgfDM_NQfmXMOa_`Xed6N	JU+SVaOMO`]Xed1gbX5Sl`bpDP3S£fDMONRfHXeM6]NQpDX`bplQS	M_`SVpla SVMOXMOXe|`bXBX5n àM_NQU {0XMOUwS	pWSVpHnwLJgbXUﬀs
UWNRpDdlSTY5GrQGT

2¦D #à½°{zJ ﬁ ﬀ4ﬂ&5·!q  '(,./$7&5&A)J' 7	C  y('&560 -j+- k+-9.)ﬂ&J'\&JG10	G.SBq TA.9' o5 y('
	/8ﬁ
q ' 71=C )' 8' ./ﬀﬁ,h5 o' (0J),"0&/8ﬁ;q )0&&J,.0 210 oA"SBq T
rNRaOXaO^HSVa4S£pDNRpDpDXPlS	aO`bRXrU+S	a_MO`¤s2`drSUwS	aOM_`¤sr^D`]_^WgbX5SRXdBaO^DX&fDMONRfHXM6]NQpDX¡Ìx


N	¡Ìx

`bplQS	MO`SVp|a	ﬂX6r`bgbg
nlX5SVgHr`ba_^W]NQpDXed1r^D`]_^+SVMOXrpDNRa$dONRgb`n  BNQpDd_X5RcDXplaOgbtljQBX6^mSQXraONnlXMO`bRXoSBX5S	RXMBMOXd_cDgba1a_^HS	p2a_^DX6fDM_Xl`bNQcDd$NRpDXQ
 0¦ﬁ ﬂE½{½J ﬁ$*&5 q  0(0,.9ﬀ) 4.I1\0 -81)' (6)J' 7	C  (00&50 !+- k+-&J$6..9' Y 70 y 78o'(0
o' (00	- $ ﬂﬁWq .,	),+k6+4&C )0 -8' ./ﬀﬁ5o (),8'&/ﬂﬁ	q 4..I4)5681i!+$>
ﬁkM 70  2ﬂo4ﬂ(0Yﬀ4ﬂ&5·$q .&5&10	)550 21M 0(0.Y%) .IJ19)0 y(6 )' 7$CG ¡ x


 (00&50 $+- FC
)0 "0  .$6+4.5ﬂ(03ﬁ5o (),8'&/)0&5&.ﬂ0 71' oA8*6+$.ﬂ)ﬂ&J'\&J1'	G.ySmq T
ﬀJ	ªª{1vﬃS	aOM_`¤sq MOXf<MOXd_XplaOdaO^DXU+SVaOMO`¤sWNV4S2gb`bpDX5SVM6NQfmXMS	aONRM   NQp¡Ìx

r`a_^MOXedOfmX5]aa_N+a_^DX2]S	pDNRpD`]S	gFkHS	d_`bd
Sàr`ba_^ﬂaO^DXw]NQplQXep|a_`bNQpﬂaO^mS	a  S

Tj àNQM£XQXM_tC$d`KﬂjF`bdaO^<Xa_^¬MON	 NV6U+S	a_MO`¤s#q3jFaO^HSVa`bd  S2T/B 7qyàNRM SVgbg
kd¡ x

TrvSVaOMO`¤s<q `bdrpDNQp<pDXP|SVaO`bQXNRpªCUWXS	pDdra_^HS	a   SmC\T!G?C%BNQpDd_X5RcDXplaOgbtlj  gbX5SRXdraO^DXgb`bpDX5S	Mrd_cDkDd_fHSQ]X
 B ­lfHSVp\SmC\TIG¢¡Ìx

`plQSVMO`S	pla6S	pmn`ba6`bUfDgb`XedraO^HSVaoa_^DXMOXd_aOMO`]a_`bNQpﬂN	 aONwaO^DXdOc<kDdOfHSR]Xrjn@XpDNQa_X5nﬃk|t   $j
`bd6S2gb`bpDX5SVMrNQfmXMTSVaONQM*àMONRUﬀ>a_Nr2mr^DX3]NRpDX+C`d6SVgbdON2`bplQS	MO`SVp|aBklt   ﬂS	pHn`drd_NQgb`nr`a_^wMOXd_fHX5]aaONrymr^lcDd5j
aO^<Xof<MONQfmXM6]NRpDX]Cﬃ`dBfmNQdO`ba_`RXgbt3`bplQS	M_`S	plaJk|t2a_^DXU+SVaOMO`¤sqﬁ N	a_^DXNQfmXMTSVaONRM   $mr^DX&HM_dOaBfHS	M_arN	x*XdOcDgba:DÌ{
]SVp¬kmX+S	f<fDgb`Xna_NFqﬁ  SVpHnﬂ]NRpH]gbcDdO`bNRpDdSVMOXwS	dOd_ND]`S	aOXnﬂr`baO^ﬂa_^DXWd_fHX5]aOMTSVgrMTSRnl`bcDd3NV6aO^HSVaU+SVaOM_`s\~rN	BXRXM5j
aO^<XX`bPQXplRX5]aONRMOdS	pHnaO^<Xod_fHX]aOMS	gJMTSRnl`bcDdrN	   ﬂS	MOXX`bPRXplQX5]a_NQM_doS	pmn+Sp<NQpDpDXeP|S	a_`bQXX`bPQXplQSVgc<X6N	$a_^DX`p<`a_`S	g
gb`bpDX5S	MBNQfmXMS	aONRM  wNRpnlNQUwS	`bp2¡ x

jla_^HS	arPR`RXdraO^<X6mMOdOa&fHS	M_arN	JaO^DXgbXUU+S<
ÑÑyÒjI,Ï5Û
}  0ﬀ,. 1'	
¡$aO^<XpDNQp<pDXP|SVaO`bQXUwS	aOM_`¤s¹q `dr`bM_MOX5nlcm]`bkDgbXQjDa_^DXpa_^DXMOXXsD`bdOa_doS	pwcDp<`RcDXAScDfwaONWS2]NRpDdOaS	pla6U2cDgba_`f<gX4TJgbXàa
Xe`PRXplQX5]aONQMN	;q `bp¡ x 

Sà`bpiSR]a`bp`bplaO¡Ìx 

`i XQm`ba`bd3SfmNQdO`ba_`RX2gbXàaX`bPQXplRX5]aONRMJT£r^D`]_^¬]NQM_MOXd_fHNRpHnld2aONwa_^DX
d_fHX]aOMS	g$MSQnl`bcDdN	Dq *N	jlàNRMoSVp|t]gbNRdOX5njnSfHNR`pla_X5nT]NQplRXs]NQpDX$CG¢¡Ìx 

j<`¤q

 ~ aO^DXpBX3nlX5nlcm]XàMONRU
a_^DX£HMOd_afHS	M_aN	1a_^DX3f<MONlN	raO^HSVa6a_^DXMOXXsD`bdOaOdSpDNRpDpDXPlS	aO`bRXgbXàaX`bPQXplRX5]aONRMN	1UwS	aOM_`¤sªq `bp#CG¢¡Ìx 

­l`bpH]X
a_^DXM_X3`bd6NRpDgbtWNRpDXgbXàarX`bPRXplQX5]a_NQMN	Dq `pw¡Ìx 

jD`ba6`bdrfmNQdO`ba_`RX3S	pmn+SVdOd_N@]`SVaOX5nﬃr`baO^waO^<X3d_fHX5]aOMTSVg$MTSRnl`bcDdrN	$a_^DX
UwS	a_MO`¤s¹qmr^DXd_X5]NQpmnwfHS	M_arN	JaO^DXgbXUU+S*^DNQgnld
ﬂXwrS	pla2XUWf<^HS	d_` peX+a_^HS	a2a_^DXfmNQd_`a_`bQXw`bp|QSVMO`S	pm]XWNV fmNQgbtlaONRfHXRj$cDd_X5n>`bp =XUU+Sk:DxﬃàM_NQU x*cDkD`bpDNﬂS	pHn
­@XMO`]NRgS*STY5RDY4TSVd4S&d_`UfDgbX1d_aONRf2aOXd_ar`paO^<X`bM1`bpH]M_XUWXep|aS	gH]NQUWf<cDaTSVaO`bNQpN	\  àMONRU aO^<X
M
NQpDXed5jl`bd1S]Xep|a_MTSVg
PRXNQUXaOM_`]`bp|QSVMO`S	pla&N	1a_^DX21XS	gbcDUfHS	kD`bgb`bat2fDMONRfHXeMOatﬂS	ddONlNQpﬂS	dBXWS	M_X3`bplaOXM_XdOa_X5nﬂ`bpﬂS	PRPQMOXeP|S	a_X5nvS	M_QN	
]_^HSV`bpDdrdO^HSVMO`bpDPaO^DX£dTS	UX6a_MTS	p<dO`baO`bNQpfDMONRkHS	k<`gb`bat2U+SVaOM_`s
 ¦lªm	¦  ½{ n+-., S
/

0
¿
4
TYB  '&+C S
/

0
¿
4
T}B D®~-L% ﬁk0 71?' 
M ﬁﬀ+-&Jk6 .J.-'
4+-1'&J0)' 7
C G~C
9
10

&J  ﬁ5&0 D®~-L!.5	)+}6+4j

¢~?0 71$C  .36+ﬀ10&)e.5	v

2
O 	
'
8"9
2
C
2
i^+5&!C
2
 B¢'
2
REﬁI0&ﬀ0
_nd

@;
ﬀJ	ªª{o­lcDf<fHNRdOXa_^HS	a$C S
/

0
¿
4
TMB D	~Ll = Xa2cDd2QXeMO`¤àtﬂaO^mS	aC cDg¤HgbgdaO^<X+M_X5RcD`bMOX5n>]NRpHnl`baO`bNRpDd5JﬂX^HSQX
C B C

àM_NQU MOXegSVaO`bNQp S:TeH­l`bpH]XC

B C


9
jm1X^mSQX£àNQMS	pltWRX5]aONRM+*?BHL
2
O 	
'
8>9
2
*
%
0/254
dFC

S	pHnNQM
SVplt$Pd_cH]_^+a_^HS	aY P K
*>
M

9 \B8~ aﬀc  _nd

@Fﬃ*
%
0/254

2

M
 B8~bSkltWnlXHpD`ba_`NRpwN	d_tldOaOXeU 

M

9
T
B\c * +
M
 B
2
O	
*
%
0/254

2

M
 B ~F
a_^HS	a&`bd]*  dFC

7mr^<XdOXaIC\`bd&aO^DX2nl`bMOX5]aod_cDU N	B`a_d U _fDMON5uX5]aO`bNRpDd" àMONRU M_XgS	aO`bNRp?S:GT6S	pmnY=XUU+S{DxD
mJNNRkDaTSV`bpWaO^<X n@X5]NQUfHNRdTSVkD`bg`batNV>C8jl`ba1M_XU+SV`bpDd$aONXd_aTS	k<g`bd_^WaO^mS	araO^<XdOXdOXeaOdoSVMOXnl`bdOaO`bpH]aBàMONRU D	~LlQ¡JaO^DXM_X
Xs@`bd_aOd/_ed

@ﬀd_cH]_^ﬂaO^HSVaC
2
B '
2
C B D	~L+j aO^HSVao`bUfDgb`XedraO^HSVaoa_^DX2NQM_`bPQ`bpHS	gJ]_^HS	`bp S

FJ Tr]S	pﬂpDXeQXM3SR]]Xd_dOX5n
a_Na_^DXwdOaS	aOX]gS	dOdR*S_TeJ¡pHnlXX5n j$`¤ kS

FRASﬂ_T"TMB a_^DXp>aO^DXeMOXXsD`bdOa_dª  ~ﬃdOcH]_^ﬀa_^HS	a'
2
,


.
-kB ~S	pHn
'
2
,


.
-Ad C
2
r`baO^ aO^DXwfmNQd_`a_`bQXW`bplQS	M_`S	pH]XN	IC

kltﬂU+SVaOMO`¤sC2nmN]NQpH]gcmnlXQj$M_X5]SVggra_^HS	a2a_^DX]NQp<dO`nlXM_X5n
fmS	MOa_`baO`bNQpN ]NRp|aS	`bpDdrNRpDgbt2aO^DXd_aTSVaOX]gS	d_dOXd&N	$aO^DXNRMO`bPQ`bpHSVgHd_aTS	a_XdOfmSQ]X/@ r^D`]_^SVMOX3SR]]Xd_dOX5nﬃkltkS

F3T
BNRp|RXMOd_Xgbt|j`¤Ha_^DXMOXrXs@`bd_aOd1S*fHNRgtl^DXnlMTSVg@]NQpDXWC#GC
9
jr^D`]_^3`bdn@`d_aO`bpH]aFàM_NQUQD	~L4SVpHn`bdJfHNRdO`baO`bRXgbto`bplQS	M_`S	pla
kltk2jQd_cH]_^aO^mS	a;CB

2
O

	
'
8>9
2
C
2
aO^<Xpw1XdO^<N	8kltW`bpHn@cH]aO`bNRpWaO^mS	a
C G C
M
yP¢YH
mr^<X$HM_dOa$d_aOXf2`bdFNQkll`NRcDd50= XaJcDd$S	dOd_cDUWXBaO^mS	a&C<G C
M
r`a_^IPÀ¢YQ	<NQMFXQXM_t*Md<CjV1XB^HSQX;'
8>9
2
*
%
0/254
d<C#GNC
M
NQMrS	gbg _nd

@SdO`bpH]X=C+`bd6nlX]NQUfHNRdTS	k<gX4TjRpDXsDa+,5'
8"9
2
*
%
0/254
-6 B*
%
03254

2
d<C#GC
M
àNRM4SVgg _ d

@ SkHX]S	cDd_X/

 ~GT
ﬂX2]NRpH]gbcHnlX2a_^HS	a,  _Od

@Fs*
%
0/254

2


M

By~-$NQM+*>

M

9 
B ~<\mr^lcDd5j 1X2^HSRXCGC
M

9
F`bpHS	gbgbt|j<1X2NRkDaTSV`bp
C G 
M
²
9
C
M
BﬃCﬁS
/

0
¿
4
T
mr^DXS	kmN	QX&fDMONlN	PR`bQXdrSdOcn+]`bXpla6]NQpHn@`a_`bNQpàNRMJHpHnl`bpDP£`p<`a_`S	gHnl`bd_aOMO`bkDc<aO`bNQpDdBr^D`]_^2gbX5SQn aON3SVp+S	PRPQM_XP|SVaOX5n
^<NQUWNRPQXp<XNQcDdrvSVMOQN	W]_^HSV`bp%Sr`baO^2<s@Xnwa5 f UT
ªm	ª # #à<	§½°{ 
/
 ﬀ' ﬀ."I),+-.Jﬂ6)Aﬀ4ﬂ&5·@3 ﬀ1Gﬃ 7A+-l04+-10&0!)0 7!C
9
4..II)681bi!+
/
 ./ 
S{TA0 71*.,	4G-. +-jj . 1'.  7)2ﬁ5&J'QD®~-L1ﬁl+-&J36 .J./$04+-10&0 )0 7	C#GC
9
i^+6),+./1)0l-.G5
  

2
O

	
C
2
' 71.5	-),++- 

ﬀ~k+- C#GC

S
/
$T
w*dO`bpDPnlX]NQUfHNRdTS	k<`gb`batwfDMONRfHXeMOatlj mr^DXeNQMOXeU :D u]S	pﬂkmXWM_XàNRMOU2cDgS	a_X5nﬃr`a_^VOgbND]S	g]_^HS	MSQ]a_XMO`bd_aO`]d5^mr^mS	a
PR`bQXdra_^DXU+S	`bp2M_XdOcDgba&N	a_^D`bdrdOX5]aO`bNQp
¼½ÑF¼¿
 
	ﬀﬂﬁﬃ! "$#%'&''(*),+-' ./0 2134.5ﬂ(0$ (00&60 7)ﬀ8ﬁ9)' 7. 
J¦lªH	¦  ½°{ n+-}.I3 S
/

0
¿
4
TB  0&pC S
/

0
¿
4
TB D®~-L  ﬁM0 71 ' 
  ﬁk+-&JMﬂ0..bﬁI0A
C8ﬁU
0
4+10&J' )0 2.$SmC
2
T
2
O 	
h10.ﬂ 7),7ﬁ5&0QD	~L^.5	)+b6+4
 
C
2
G C
9
2
G ¡Ìx
.103254

 _nd

@F
C
2

%
0/254
%
0·;4
GC

 _ﬂFﬂº d

@H

2¦ ﬂDz mr^<XfHNRgbt|^<X5nlMTSVg]NRpDX+C S
/

0
¿
4
TjDr^<Xp`bar`bd6nl`bdOaO`bpH]aràM_NQU D®~LljldTSVaO`bdHXed6aO^<X3]NQpmnl`baO`bNQpDdrNV!mr^DXN0s
MOXeU :<ÌD	DM_NQU BNQMONRgbgSVMOt3:Dx<j5`baFàNRggbN	rdFaO^HSVaDC S
/

0
¿
4
TJ`bdJaO^<X6gS	M_PQXd_afmNQgbtl^DX5n@MTS	g<dOcDksO]NRpDX6NV C
9
r^D`]_^`dJfmNQd_`
s
aO`bRXgbt3`bplQS	M_`SVplaklt*¢SVpHn2nlX5]NQUWfmNQdS	kDgbXr`bpU fHNRgbt|^<X5nlMTSVg ]NQpDXd~rN	BXQXeM5jR`a0U+StXsD`bdOarSdOUwS	gbgbXMJfHNRgtl^DXnlMTSVg
dOc<ksß]NQpDXN	C
9
aO^HSVp#C S
/

0
¿
4
Trr^D`]_^`bd6NRpDgbt+fmNQd_`baO`bQXgbt`plQSVMO`S	pla5<¡pHnlXXnjmgXeaoc<doM_XaOc<MOpaONWa_^DXFsHS	UWf<gX2YR
ﬂX2]NQpDd_`nlXMaO^DX2a_MTS	p<dO`baO`bNQpfDM_NQkHSVkD`bg`batwU+SVaOM_`s%
9
S	pmnaO^DX2fHSVMOa_`a_`bNQp}N B D0RASTY4TB D|Y'LvFRASi{GTB D	{F:LLN	
D|YGFT{yFJ:-L|lxrX5]eS	gbga_^HS	a S
/

010 2 4
TeB 
9
BC b r`baO^<C BC
9
BED%$ STYGFT~yFT~GT)'&^Si~FYF{T_: $ F9&#ﬀ~LQ\=Xea
cDdnlXHpDX$CYBC    B D*  : *?dFC  Llmr^DXaBNWXsDa_MOXUwS	gbdrN	$aO^<XfHNRgbt|^<X5nlMTSVg]NRpDX+CﬂS	M_X
9
BESTYGF5YGFT{GT1SVpHn
  BVS{DYFxFY5~GTa_^HS	aB`bdDCB D%$
9
 &  : $ F9&#ﬀ~Ll	ﬂX6]SVp+]_^DX5]_2aO^mS	aWCC  BﬃC
9
S	pHna_^HS	aWCw`bd$fHNRdO`baO`bRXgbt
`bplQS	MO`SVp|a0k|tkQSdO`bpH]X+C\ G C   BﬃC Te

mr^DXNRMOXUd:D uSVpHnk:DÌ]SVpkmX SVdOd_N@]`SVaOX5nr`a_^Wa_^DX/=XeUWU+S$:< :£aON2PR`bQX6a_^DX&àNQgbgbN	r`bpDP3]NRMONRggSVMOtl
ªH	ª%# #D	§½{
	~ﬁ;CS
/

0
¿
4
TB D®~-Lﬀ6+5 }h)0 "0  .*ﬀ 20  78o4ﬂ(03ﬁ5o (),8'&/)0&5&.ﬂ0 71' oA8bA 70 
 78o4ﬂ(Ao' (00	-ﬀ8ﬁ

 '&3JG)+_ d

@!6+3)0 7I'
2
C S
/

0
¿
4
TAﬂﬁ;
.A0/254

)J' "0 ./ 70  2ﬂo4ﬂ(0A  ﬁho5 (0)"0&3)0&&J,.0 210 oA"
+-  70  2ﬂo4ﬂ(0ﬀ5 o' (00
	
/

0
¿
4
S_8FJ_TAﬂﬁ
%
0/254
%
0/254

ﬀJ	ªª{mr^DXmMOdOa2S	d_dOXM_aO`bNQpﬂ`bd3Sﬃnl`bMOX5]a2]NRpDdOX5RcDXepH]XàMONRU fmNQd_`a_`bQX2`bplQS	MO`SVpH]XN	;Cﬁ S	pHnﬃàM_NQU =XUU+S:<:D
­l`bpH]X!, '
2
C-6
%
0/254
%
0/254
GJ, '
2
CE-\S6mr^DXNRMOXUQ:DÌTejaO^DXeMOXBXsD`d_aOd$Srp<NQppXeMON6gbXaX`bPQXep|RX5]a_NQMD
2
`bp+'
2
Cﬁ SVdOd_N@]`SVaOX5n
r`baO^S	pX`bPQXplQSVgc<X 
2
NV
%
0/254
%
03254
r`baO^Y= XUWUwS :<:
¶
S	pHn`¤d_NHjlBX^HSQX&r`baO^wQX5]aONQM   S'
8"9
2

2
FJR*S_TzT1SVdr`p<`a_`S	g
nl`bdOa_MO`bkDcDa_`bNQp2NQMraO^<XoNRMO`bPQ`bpHSVg ]_^HSV`bp
/

0
¿
4
Sﬂ_ﬂFJ_ T!B>¡ÌL
0
2


´
%
0/254/4
S6>
9
dYRASﬂ_T"T!B
2

%
0/254
%
0/254
Y

:v
2
Y

B 
2


2¦ ﬂD½ mr^<XiSQ]a6aO^mS	a
/

0
¿
4
S_ﬂF_T*`d6SVpX`bPQXep|QSVgbcDXN	j
%
0/254
%
0/254
]NRUWfDgbXa_Xgbt2PQXpDXeMTS	gb`pXda_^DXMOXedOcDgbaPQ`bQXep+`bp
=XnlNQclsMSTYQ:GTJNQM6S	p`bMOMOXnlcH]`bkDgbXNRMO`bPQ`bpHSVg ]_^HSV`pFl¡ar4SVdrkHS	d_X5nNQpwaO^DX&iSR]araO^mS	a6vSVMOQN	l`S	p2f<MONQfmXM_at+`bpHn@cH]Xd
PQXeNQUWXeaOMO`]Bd_N5uNQc<MOpWa_`bUWXd$`bpX5SQ]_^+]gSVdOd_X9R*S_TBS	pHn NQp2a_^DXQNQMnDS	p  dr]SVpDNQpD`]SVgDNQMOU NV SUwS	aOM_`¤s VﬂXrMOX5]SVgbgaO^HSVa
/

0
¿
4
S_ﬂF_TBUwSt3pDNRarkHXyS
%
0/254
%
0/254
TlSàdOXeXFsHSVUWfDgbXYQT

DM_NQU BNQM_NQgbgS	MOt:DrDj$Sﬂ]NQpDXr^<`]_^ﬀUwStàcDg¤HgbgraO^<XdOcAn+]`Xep|aw]NQpmnl`baO`bNQp àNRMWBX5S	 gc<UWfHSVkD`bg`batPR`bQXpﬀ`bp
BNQM_NQgbgS	M_tf:<xW`bdaO^<X2NQpDX2r^D`]_^ﬂ]S	pﬂkmXàNQM_UWX5nàM_NQU SiSVUW`bgbtkD
2
F3_Od

@eL2NV4pDNRpDpDXPlS	a_`RX2gbXàaX`bPQXplRX5]aONRMOd
SiSVpHnpDNQpypXMON2RX5]a_NQMOdTS	dOd_ND]`S	aOXnWr`ba_^+a_^DX&iS	U`bgt£N	d_cDksU+SVaOMO`]Xed$D
%
0/254
%
0/254
Fh_nd

@Ll7= XarcDdrdOXea
C

 B BNQpDX0SzD'
8>9
2

2
F_nd

@eL0T!B
2
O 	
BNQpDX'S'
8>9
2

2
T5H SxGT
­l`bpH]X+
2
B ~NQMrXRXMOtk_nd

@rj<aO^DX&àNRgbgN	r`bpDPd_aOND]_^HS	d_aO`]U+SVaOM_`sjlnlXpDNRaOX5nk|t
/
 jD]S	pwkmX3nlXHp<X5nwklt
/

2
B   S'
8>9
2

2
FJRASﬂ_T"T

  _nd

@H
mr^lcDd5j<1XnlXnlcH]XMONQU BNQMONRgbgSVMOt:< x£aO^mS	a


 ~$B\c®C

GC

S
/
 T5H
ÑÑyÒjI,Ï5Û
Y~  0ﬀ,. 1'	
­@cH]_^S2d_`a_cHS	a_`bNQpwMTSV`d_Xdr`baO^a_^DX6'G)	vl
ﬂfDM_NQfmXMOatnlXd]MO`bkmX5n`bp­D]_^l1Xe`azpXMASTYQ}'uvT<¡pHnlXXnjm`a]NQM8s
M_XdOfmNQpmnldwaON¬S	d_dOcDUXwaO^HSVa2àNRMWS	gbg_ﬀd

@rj L

O
%
0/254
ASﬂ"F¬PT2nlXfmXpHnldwNQp<gt NQp _SVpHnº7àNRM2XQXM_tNP`dPRAScºTe
BNRpDdOXQc<XplaOgbt|j àNQMXRXMOt%_Od

@rj aO^DXQX5]aONQM$
2
B-Y
%
0/254
`bd SgbXàaX`bPRXplQX5]a_NQM3]NQMOM_XdOfmNQpmnl`bpDPaONwa_^DX2X`bPQXplQSVgc<X
L

O
%
0/254
ASﬂ"F¬P'TBNVpDNRppXM_NWUwS	aOM_`¤s
%
03254
%
0/254
dOcm]O^ﬃaO^HSVa
Y
%
03254

%
0/254
%
0·4
B,


O
%
0/254
ASzF¬P'T-1Y
%
0 4
 º d

@F
SVpHnBX2^HSQXC

G C S
/
3TSQ]e]NQMnl`bpDPaONﬃaO^DX2fDM_Xl`bNQcDd3n@`d]cDd_dO`bNQpnmr^DX iSQ]a£aO^HSVaXsHSQ]agbcDUWfmS	kD`bgb`at`UfDgb`bXd
BX5SVWgbcDUWfmS	kD`bgb`at`bdrBXgbglpDN	rp
mr^DXàNRgbgN	r`bpDP]NRMONRggSVMOtﬂaTSVQXdWSRnlQS	plaS	PQXN	aO^DXw`nlXplaO`¤ ]eS	aO`bNRp NVoa_^DXwdOcDksO]NRpDX#C

N	IC S
/

0
¿
4
TbB C

n@XHpDX5n`p}SxGTrS	pHnN	JaO^DXSnWpDX&`pmnlXfmXpHnlXpm]X2N	JaO^DX3U QX5]a_NQM_d'
8>9
2

2
S`i XQDn@`UC

B UVT
ªm	ª # #à<	§½°{   9+-'(!CS
/

0
¿
4
T$B D®~L ﬁ9' 71k0 ﬀ ﬁWC

8
2
B D®~Lﬁ40&302_\d

@	  k+-4)4.I6jij9+-0(0
C  S
/

0
¿
4
TB 
2
O 	
'
8>9
2
C 
8
2
H
ﬀ^<XpCRAS_ T`bd`bd3S	pﬂ`bMOM_X5nlcH]`k<gXdOaS	aOXW]gSVdOdN	@ aO^DXep BNQM_NQgbgS	M_tf:<r+SVpHn?=XeUWU+Sb:D:PQ`bQXaO^<X2àNRggbN	r`bpDP
SRnDnl`baO`bNRpHS	glS	dOd_XMOa_`bNQpDd0mr^DX0HpHS	glfHSVMOa$S	gbd_N6cDd_Xd$aO^<X1fmNQd_`a_`bQX$`bplQS	M_`SVpH]X$f<MONQfmXM_aO`bXd$NV ]NQp<Xd'
2
CﬁS
/

0
¿
4
TS_nd

@!T
PR`bQXp`pkmr^DXeNQMOXeU :< <
ªm	ª # #à<	§½°{ j	G.34..5	vﬀl+->C

S
/

0
¿
4
T$B D®~-L17 ﬁh
%
0/254
%
03254
. 0 k&5&10	)55ﬀ4ﬂ&5·$+- '
2
C

S
/

0
¿
4
T
)' 8' .' 
C' 7M  ﬁ*o5 y(),8'&
2
ﬂﬁb
%
0/254
%
0/254
0 71 +v.Y(0)"0&Y ./4.5ﬂ($#%0&0(05&ﬂ
/

0
¿
4
S_8FJ_T}.k6+
.ﬂ)ﬂ&J'\&J1'	G./ﬂﬁ
%
0/254
%
0/254
!n+v	G.ﬂ ie3 7),.J.I'&5
 +-'(
/

0
¿
4
2
B   S'
8>9
2

2
FRAS_TzT


i6+ 0  y0 1'.&65	Gﬂ60  NC S
/

0
¿
4
TMi^+4.IM.5	40&/ .Y.5	)+6+4/  R*S_TB /ﬀ0&0(05&ﬂﬁI'&
' ?."4"?)54..RASºbTMi^+v6),+ )' ?)),.J.I1bﬁ5&J' .88?8ﬁRAS_ T

/$+-&JM6..%Y4..56 f.IÂ	5 2)J
SﬂRAS_ T5FRAS
9
T5F4H4HIHFRAS

T5FRASºbT"TlﬁI0&.I0ﬀ

i!+$d`R*S_T ieﬀ+0(0$
2

%
0/254
%
0

2
4
ﬂ
%
0


4
%
0·;4
B ~C.ﬀ 
'

C

S
/

0
¿
4
T/' 71
/

0
¿
4

B-  S'=8>9

,5
2

%
0/254
%
0

2
4
ﬂ
%
0


4
%
0·;4
-"FJR*SºTzT

AH

 ¦ ﬂDﬁ¢ﬂX^HSQXdO^<N	rpaO^HSVa
/

0
¿
4
S_ﬂF_Tr`bdrpDX]XdOdS	M_`gbta_^DXd_fHX5]aOMTSVg$MTSRnl`bcDdrN	j
%
03254
%
0/254
r^<Xp%RASﬂ_TB`bd6`bMOM_Xs
n@cH]`bkDgbXQmr^HSVar`UfDMON	RXdBaO^DXMOXedOcDgbaOd&PQ`bQXep+`bpw­lX5]a_`NRpkuàMONRU =X5n@NQclsMSTY5R:GT

 

£		T 3 #$.+' 557! #03&%('*)+	ﬁw,
mr^<X1fDM_Xl`bNQcDd$M_XdOc<ga_d1]SVp3kmX6S	fDf<g`bX5n aONaO^DX6SVPQPRMOXPlS	aO`bNRpN	 vﬃS	MORN	]O^mS	`bpDdJr`baO^MOXd_fHX5]a1a_N S&fHSVMOa_`a_`bNQp$N8r^<`]_^
`bdSMOXHp<XUWXpla&N	$aO^DXfHSVMOaO`ba_`NRpWNVh@>]NQM_MOXd_fHNRpHnl`bpDPwaON2a_^DX3c<dOcHSVg]NRUWU2cDpD`]SVaO`bNQp2XQc<`QSVgbXpH]XMOXegSVaO`bNQpFmr^D`bd
fmS	MOa_`baO`bNQp`bdnlXepDNQa_X5nklt	?BVSc
)T9
O

a_^DMONRcDPQ^<NQcDaFaO^D`bdd_X5]a_`NRp4mr^DXBXgbXUWXpla_dN	S	MOXB]S	gbgbX5na_^DX4]NQUWU2c<pD`]SVaO`bNQp
]gSVdOd_XdNQM£aO^DX`bMOMOXnlcH]`bkD`bgb`bat]gS	d_dOXd3SVpHn  mnlXp<NQaOXed3a_^DX]eS	MTn@`pmS	gb`bat+NV&­lcH]_^¬SdOaTSVaOXW]gSVdOd+
)`bpHnlcH]Xed3S	p
`bM_MOX5nlcm]`bkDgbXWdOc<ksiUwS	a_MO`¤s



NV 2 BNRpDdOX5RcDXep|a_gbt|jF1Xw]S	p¬SVdOd_N@]`SVaOX5n r`baO^ﬂX5SR]O^ dOaS	aOXw]gS	d_d¹
)ljFaO^<XWcDpD`RcDX
¼½ÑF¼¿
 
	ﬀﬂﬁﬃ! "$#%'&''(*),+-' ./0 2134.5ﬂ(0$ (00&60 7)ﬀ8ﬁ9)' 7. YQY
dOa_ND]O^mS	dOa_`]BgXàaX`bPRXplQX5]a_NQMD  NV  



]NRMOMOXedOfmNQpHnl`bpDP£aON6a_^DXBdOfmX5]aOMS	gmMTSRnl`bcDdNV  



4mr^DMONRcDPQ^DNRcDaa_^D`bdJdOX5]a_`bNQpj
BX SVdOd_cDUWXaO^mS	aBaO^DXd_aTSVaOXd&N	 @>SVMOXNQMnlXMOXnwdOcH]_^a_^HS	a `bd6SgN	BXMBkDgbND]OGsaOM_`SVpDPQc<gSVM1UwS	a_MO`¤s
`B
ﬂ!
!
!
!
ﬃ
 
2

2
~  ~
 
 









   



~
     
 



 "
"
"
"
 
H
LJS	MOa_`baO`bNQpkN `bdoS}&J ﬃ! 7* $NV a_^DXfHS	M_aO`baO`bNQp  `  _d

@rj	
	
d ﬂdOcH]_^aO^HSVa RASﬂ_T!G 
  H<NQM&X5SQ]_^
	
d $j
aO^<XMOXXsD`bdOaOd =G

@ dOcH]_^a_^HS	a]
) B

2
O


RAS_ TD[&pltWpDNRpDpDXPlS	aO`bRXoRX5]a_NQM]*ﬂNRp#
)2]S	pﬃkHXd_XXpSVdoSVp+XegXeUWXpla
N	
2
O


¡Ìx
.103254

 BNQp<dOX5RcDXpla_gtljlBX n@XpDNQa_XaO^<XQX5]aONQMrNRpY@1j
L
2
O


'
8"9
2
*
%
0/254
j<k|t'
8"9


*$
t¦vu©w&xxª7wﬁ"{/|~}ﬁI'/*8ﬁ/)0A/	 )J0 %) .J.I,.Sc

1
FFÂ


T$./)0  1ﬀ$4+ ﬁ3),+f) ..

 

2
+-. ' 
)),.J.l89+-3) .J.

 
ﬁI'&
	
B YGFIH4HIHFﬂ  +-j.+-&J$6..99.88$  

 

2
i +v6),+)'/A	 6)4".$i!+9.88
ﬂﬁ!

 
 C A)J'7

1
+-9.8'&  o 0  O' 71+


6+/ 71$0  O8ﬁ$+-O-6+A
J¦lªH	¦  "{z  ,h	G./4..5	* +- 0&,ﬂ6' 3N .9&J ﬃ! 7*  ﬂﬁ96+0&ﬂﬂ60 CB S
  T 
O

ﬂﬁ@WA  +-'(
+-eﬁI'/ﬂﬁ3(0)"0&,. Sc  T 
O

o  5 -oﬀ6+ .J"4)+4.)3ﬁo' (0)"0&ﬀ4..II)681bi!++-9.ﬂ-),&0 &1'	G. 8ﬁ
ﬀ4ﬂ&5·/




&ﬁ

d   ./.5	)+}6+4



B ~?0 71p»v¼¼yS

FJOFﬂN/TA.*b+0ﬀo 70	G.#%0&,''(),+-0  A6+5  ﬁI0&
0 yº .5	-),+k6+4D


50 o4.3" -6+ki!+."0&ﬂ o$-' D


eij$+0(0I»v¼¼Sc'
8>9



FF8N/T$./ﬀ+0ﬀo 70	G.
#%0&0(ﬀ),+-0  ' 71ﬁI'&/0 _nd

@ .5	),++-4!RASﬂ_TWG 



/

0
¿
4
2
B   S'
8>9




FJR*S_TzT


¶
SiGT
ﬀ0&J'(&l6+!ﬁI'/ 


)'4.I18ﬁ3(),8'&.'
8"9
2
Sc

T
%
0/254
 . .5	),++-4 BNQp<X0S

T_G C

S
/

0
¿
4
T

2¦ ﬂD  mr^<Xof<MOXl`bNQcDdra_^DXNRMOXU ]S	pwkmX`bplaOXM_fDMOXa_X5nSVdBàNQgbgbN	rdI[	`¤$Sd_aTS	a_XN	$S3]gSVdOd]
)`bdrS	gbgbN	1Xn2aONkmX SVp
`bpD`baO`S	g<dOaTSVaOX&N	NQc<M4vSVMORN	|`SVp3UN@n@XgDaO^<XpS	gbgDaO^<X6MON	rdBN	UwS	a_MO`¤s
/
¢]NRMOMOXedOfmNQpHnl`bpDPaONaO^<X6dOaS	a_X ]gSVdOd_XdrN	a_^DX
N `bpH]gbcHn@X5n`bp


NRM`pﬃaO^DX2XgbXUXpla6NV4SfHS	a_^r`baO^ﬃdOaTSVMOa_`p<P+fmNQ`bpla+


jSVMOXpDX5]Xd_dTSVMO`bgbtPR`RXpkltwàNRMOU2cDgSSiGT
S	pmn+n@XfHXepHnwNQp<gt2NRp  SVpHnk2

ﬀJ	ªª{JﬂX^HSRX
)ﬀB

2
O


RAS_ TrNQMrdONRUWX  G

@rmﬂX n@X5nlcH]XMONQU mr^DXNRMOXU :DÌaO^mS	a6`¤»v¼v¼S

FF8N TB`bdS
^DNRUWNQPRXpDXNRcDdovﬃS	MORN	]_^HS	`bpa_^DXpﬂa_^DXMOXXsD`bdOaOdSWfmNQ`bplaOXnfmNQgbtl^DX5nlMS	g$]NRpDXQjJnlXHpDXnk|t C 

B

2
O


'
8>9
2
C
2
j
dOcm]O^aO^mS	a]NQp<X¹' 

C

`bd6fmNQdO`ba_`RXgbtw`plQSVMO`S	plarkltaO^<X3`bMOM_X5nlcH]`k<gXU+SVaOM_`sY



\= XUWUwS/:< : dOaS	aOXedoa_^HS	aa_^D`bd
gS	d_a4]NRpDX]NQplaS	`bpDdraO^<Xod_aOND]_^HS	d_aO`]&gbXàarX`bPQXep|RX5]a_NQM]]NQM_MOXd_fHNRpHnl`bpDP2aON2a_^DXdOfmX5]a_MTS	gJMSQnl`bcDdBN	! 



D­l`bpH]X SVgbg
aO^<Xonl`bdOa_MO`bkDcDa_`bNQpDd$NV]NQp<X]C

gXSQnaONS	p+SVPQPRMOXPlS	aOXn2vS	M_QN	2]O^mS	`bp2r`baO^2aO^<X6dTSVUWXBa5 f U
/

0
¿
4
jR1X6nlXeMO`bQX&aO^HSVa
»v¼¼yS'
8>9


FF8N TB`bdS2^DNRUWNQPRXpDXNRcDd6vSVMOQN	]_^HSV`pS	pHnwa_^HS	a
/

0
¿
4
2
B \Sc'
8"9


FJR*S_TzT

 àNRM6XRXMOtM_!d

@>dOcm]O^
aO^mS	aRASﬂ_TWG 
)<
=XacDdpDN	 ]NQpDd_`n@XM3S2fmS	aO^ﬃr`a_^dOaS	M_aO`bpDPwfHNR`bp|aI
)WSVpHnSVdOdOc<UWXa_^HS	aaO^<XMOX2XsD`bdOa_dSWnl`bdOa_MO`bkDcDa_`bNQp

dOcm]O^
aO^mS	a



B8~£S	pHnp»¼v¼S

FF8N/TJ`bd4vSVMORN	 'mr^DXo]_^HSV`p<»v¼¼Sc'=8>9




FJF8N/TJ`bd4SVgbdON3S£^DNQUNQPRXpDXNRcDd$vS	M_QN	2]O^mS	`bp
àM_NQU-aO^DX£HMOd_a6fHSVMOa&N	1a_^DXfDM_N|NVTH­@`pm]X+C S
/

0
¿
4
T*`bd6fmNQdO`ba_`RXgbtW`bplQS	M_`SVpla1kltY2jDBX^HSRXaO^mS	aBàNRMoS	plt<E ~<j
'
8>9


G
.
dFC

mr^DX2]gS	d_d
)2]NRUWU2cDp<`]eS	aOX&r`baO^S	pltwXgbXUWXep|a]


NV a_^DXfHS	a_^ BNRpDdOX5RcDXep|a_gbt|jmgbXa 0kmXDsDX5nj
aO^<XMOXXsD`bdOaOd+

À ~d_cH]_^a_^HS	a*àNQM

BJ'
8"9





.
j '




B ~2S	pmn#»v¼¼S

FF8N/TB`dS2^DNRUWNRPQXpDXeNQcDd6vSVMORN	
]_^HS	`bp^mr^<X+M_N	rdWNVoU+SVaOM_`s
/
 ]NQMOM_XdOfmNQpmnl`bpDP¬a_NﬂaO^DX]gS	d_dOXdwNVN `bpH]gcmnlX5n `bp 


S	M_X+p<X5]Xd_dTS	M_`bgt>PR`RXp¬klt
/

0
¿
4
2
B  \Sc'
8>9




FJRASﬂ_T"T

AFRàMONRU aO^DX HMOd_arfHS	M_arN	$aO^DXfDM_NlN	T
mr^DX2gS	d_a6fHSVMOaN	raO^DXaO^<XNQM_XU àNQgbgbN	rdBàMONRU aO^DX£iSR]aaO^HSVaoXSQ]_^'
2


`bd`bpF'
2
C S
/

0
¿
4
T Sàd_`bpH]X'
8>9



d
C S
/

0
¿
4
TzTrS	pHn àM_NQU a_^DX3]NRpD`]S	gf<MONQfmXM_at+NVoC S
/

0
¿
4
T
ÑÑyÒjI,Ï5Û
Y{  0ﬀ,. 1'	

 ¦ ﬂD  ¡1X&r`bdO^2aO^mS	a1SVggm`bpD`baO`S	gDnl`bd_aOMO`bkDc<aO`bNQpDd0NQp gbX5SRnaON2S	pWS	PRPQM_XP|SVaOX5n^DNRUWNRPQXpDXeNQcDd1vﬃS	MORN	3]_^HS	`bp
SdOa_MONQp<P¬gbcDUWfmS	kD`bgb`atfDMONRfHXeMOatT2a_^DXpj0àNRMWS	gbg
	
d

@rj$a_^DXMOXU2cDd_a3XsD`bdOadOcH]_^8Sﬂn@`d_aOM_`k<cDaO`bNQp>r^DNRdOXd_cDfDfmNQM_a
]NQplaTSV`p<d$dOaS	aOXedBàMONRU ]gSVdOd;
)DGmr^lcDd5jGmr^DXNRMOXU uHÌ{S	gbgbN	rdJcDdBaON3]NRpH]gbcHnlXa_^HS	a1SVgbgHa_^DXoSVPQPQM_XP|SVaOX5n]_^HS	`bpDd$d_^HS	M_X
a_^DXrdTSVUWXBaOMS	pDd_`a_`bNQpfDMONRkHS	kD`bgb`bat|BNQpDd_X5RcDXplaOgbtljQa_^DXrcDpD`]`bat3]NQpHnl`ba_`NRp3NRp2aO^D`bdJU+SVaOM_`sM_X5RcD`bMOX5n `pAmr^DXNRMOXU {< 
]eS	pwkHXnlMONRfDfHXn

 
aDZDf7¦¬§d!¤
ﬂXBfDM_NQfmNQdOX&aONkDM_`XHt3d_fHX]`¤àtSVpSVgbPQNQM_`baO^DU¢r^D`]_^W]SVp2kHXrcDd_X5n`bp3a_^DX6f<MOXd_Xpla4]NRplaOXsDa$a_N3]NQUfDcDa_X1fDM_NQkHSVkD`bgb`at
n@`d_aOM_`k<cDaO`bNQp<drgXSQnl`bpDP2a_NWS	pSVPQPQM_XP|SVaOX5n^DNRUWNRPQXpDXeNQcDd6vSVMORN	+]_^HS	`bp2~rN	BXQXeM5jHSVpS	pHSVgNRPQNRcDd6S	gbPQNRMO`baO^<U S	gbdON
BNQM_ldBàNQM6S£PQXp<XMTSVgmpD`baOXvS	M_QN	W]_^HSV`pàM_NQU ­@X5]aO`bNRp{<mr^DXSVgPRNQM_`a_^DU kmXgbN	>àNRggbN	rdBaO^DXdS	UWX&gb`p<Xd6S	dra_^DX
x*cDkD`bpDNWSVpHnw­lXMO`]NRgS  d6NRpDXàNRM6S	p`bMOM_X5nlcH]`k<gX£dOaOND]_^HSVdOaO`]£U+SVaOMO`¤s2<ﬂX$ucDdOa&4SVpla6aON2fmNQ`bpla6NRcDar^DXM_X3a_^HS	aS	gbg
]NQUWf<cDaTSVaO`bNQpUwStkHX&fHXMßàNQM_UWX5n}OgbND]SVggbtHja_^HS	a$`bd$`bp1NRMOl`bpDPr`baO^2]_^HS	MSQ]a_XMO`bd_aO`]d6]NRMOMOXedOfmNQpHnl`bpDPaON£aO^DXrd_aTS	a_X
]gSVdOd_Xd3NVNW rNRaOXWa_^HS	a£aO^DX2d_XaC  S
/
3TM_XdOc<ga_`bpDPwàM_NQU a_^DX+SVgbPQNQM_`baO^DU ]NRplaTS	`bpDdS	gbg$aO^<X2`p<`a_`S	g$nl`bdOa_MO`bkDcDa_`NRpDd
gbX5SRnl`bpDP6a_NS	p3SVPQPQM_XP|SVaOX5n£^DNRUWNQPRXpDXNRcDdvﬃS	MORN	3]_^HS	`bpr`ba_^3M_XdOfmX5]aBaONlNW¡p3a_^DXrfDMOND]XedOdBN	 ]NRUWfDc<aTS	a_`bNQpjSrdOXea
C
M
2
UwSt6kmXBàNQcDpmnaONkmXD	~L|¡pd_cH]_^WS6]SVdOXQjRBX1^HSRXDC

B


O


'
8>9

C
M

B D®~-L1`¤ RASﬂ_TWG?
)$B 


O


RAScºTe
BNRpDdOXQc<XplaOgbt|jla_^DXd_aTS	a_Xd6NV©
)2SVMOX`bPQpDNRMOX5n`bpWa_^DXd_X5RcDXg
 	¦ﬁ#Bx xmwFD	§e5¦ ﬀB
BNQUfDcDa_X6aO^<Xod_aOND]_^HS	d_aO`]gbXàarXe`PRXplQX5]aONQM_d3D@

F
	
d ^LNVU+SVaOM_`]XdD0




F
	
d ^L|
BNQUfDcDa_X6U+SVaOM_`s
/
¢r`ba_^2àNRM6S	plt_nd

@*j
/

2
B  \Sc'
8"9



FRAS_ T"T

 `¤!RAS_TG 



 0ªª ﬀP3B YGFIH4H4HJFK ﬀCU
WxàQe3e5¦ ﬀB
<NQMOUyaO^DXfmNQgbtl^DX5nlMS	g]NQpDXd!C
M
2
S_nd

@!T0àM_NQU a_^DXMOX]cDMOd_`bQX3nlXHpD`baO`bNQpMSuvT
BNQUfDcDa_X6aO^<XoXs@a_MOXUwS	gbd0àNQMrX5SR]_^ªC
M
2
jla_^HS	ar`bdraO^<XUW`bpD`bUWS	gRHp<`a_X&iS	U`gbtNVpDNRppXM_NWRX5]aONRMOd

dOcm]O^wa_^HS	a;C
M
2
BBNQp<XS 
9
F4H4HIHF 
.
T
 ¦DŁVª)w$«¬e¦ﬀB
 $NQMrX5SR]O^Y_nd

@ dOcH]_^waO^HSVa;C
M
2
B D®~Llj2SnB YGFIH4HIHzFÂ^[ 


%
0/254
%
0/254
dªC
M

TJNQM6S	gbg>º d

@
 ¦AwEC S
/
 T B

2
O	
'
8>9
2
C
M
2
¦ xà
	w$« #ªª ﬀ
  ﬁﬀ#à¦#zV= XacDdo]NRpDdO`nlXeMaO^DX£àNRggbN	r`bpDPfmS	MOa_`baO`bNQpkN B DRASYITeB DlY0LFJRAS{T!B D®{yFJ:-LvFRAS:GT!BQD4uLvFRASuvTeB
D0xFFrLGLoNV1aO^DX2d_aTSVaOXdOfHSR]X@B DlYF{F:Fzu7FxFOyF"rLlmr^<X3M_X5nlcH]`bkDgbX2a_MTS	p<dO`baO`bNQpﬃfDMONRkHS	kD`bgb`batWUwS	aOM_`¤sf `bdPQ`bQXep
klt\[
 B
ﬂ
!
!
!
!
!
!
!
!
ﬃ
Y:0u Y:0u Y:Q{ ~ ~ ~ ~
~ Y:Q xv:Q ~ ~ ~ ~
rv:Q} Y:Q} ~ ~ ~ ~ ~
Y:r ~ ~ ::<Y5u :v:DYu :v:DYu ::<Y5u
Y:Q} Y:Q{0u ~ Y:R Y:R Y:Q Y::
Y:DY5{ ~ ~ Y:R} ::R} Y:0u Y:Q
~ ~ Y:<Y5{ ::R} Y:R} Y:0u Y:Q

"
"
"
"
"
"
"
"
 
H
mr^<XfHS	M_aO`baO`bNRpW`bp]NQUU2cDpD`]S	a_`bN	pW]gS	dOd_Xd6`bd CB D

9
BED|YGFT{yFJ:-LLFK
!BED4u7FxFFrLLQ'mr^DXdOa_ND]O^mS	dOa_`]gbXàarX`bPQXeps
RX5]a_NQMOd]NQM_MOXd_fHNRpHnl`bpDP2a_N2dOfmX5]aOMS	gFMTSQn@`c<drN	M_XdOfmX5]a_`bQXU+S	a_MO`]Xd

2

2
S	pHnb




SVMOX+
9
B Sﬂr:<Y5F::<Y5yFTv:DY50Tej
¼½ÑF¼¿
 
	ﬀﬂﬁﬃ! "$#%'&''(*),+-' ./0 2134.5ﬂ(0$ (00&60 7)ﬀ8ﬁ9)' 7. YI:
@B STY:'u7FY:'u7FY:0u2FY:'uvTe®vﬃS	aOM_`¤s
/
¢`bdrPR`RXpWklt
/

9
B STY:0u2FJ:v:0u7F~F~TF
/
&B Sr:<Y5{yFJxv:DY5{yFT~yFO~TF
/

(
B STY:rF~F::<Y5u2FT@:<Y5uvTF
/

+
B Sx:<Y5{yF5Y:Q{0u2FT{v:QF{:0:GT5H
=XearcDdràNRMOU a_^DXU+SVaOMO`]Xed]
9
FÂ4Fﬂ
(
Fﬂ
+
[

9
B~
(
B ~F~B43
ﬀrv:DY5{ r:DY{ ~ ~
r:R{0u ﬀr:R{0u/~ ~ﬁ5
F
+
B
ﬂﬃ
Y:DY} ~ ﬀY:DY5} ~
Y:rR{ ﬀ Y:Q{'u ﬀrv:rQ{ Y:Q}
ﬀx:rR{ Y:R{0u YQY:rQ{ ﬀY:R}
 
H
mr^DXrpDNRpDpDXPlS	a_`RXrdONRgc<aO`bNQpDdJa_NaO^DX&^DNQUNQPRXpDXNRcDdJdOtldOa_XU S	dOd_ND]`S	aOXn2r`baO^X5SQ]_^fDMOXl`bNQc<d$U+SVaOMO`¤s3nlXmpDX6a_^DXBàNQc<M
àNRggbN	r`bpDPfmNQgbtl^DX5nlMS	g]NQpDXd!C
9
9
FKC
9

FsC
9
(
FKC
9
+
Sàd_XXNQMOU2c<gS SuvT"T[
C>9
9
B?C"9
(
B ¡ x

¶
C>9

BBNQp<XSc 

T
¶
C"9
+
B BNRpDX0S 
+
T
¶
r`baO^
 

B SYF{TAB 'I
9
:v'I
9
Y8S	pmn
 
+
B SYFYFYIT$B '
+
@:'
+
@RY5$ *NQaOXaO^HSVa¹
 

SMOXd_fD
 
+
T£`bd3a_^DXWfmN0s
dO`ba_`RXwgXàaWX`bPRXplQX5]a_NQM}SàcDfﬀa_N¬Sﬂ]NQp<dOaTSVplaWU2cDgbaO`bfDgb`]SVaO`bQXIT£]NQM_MOXd_fHNRpHnl`bpDP>aONﬂa_^DXdOfmX5]a_MTSVgMTSRnl`bcDd
/
ASi{yFT{GTB
x:<Y5{}SàM_XdOfF
/
AS6u2F"uT B {v::GT6NV6aO^DX`bMOMOXnlcH]`bkDgbXWUwS	a_MO`¤s%
%
0

4
%
0

4
SàM_XdOf!
%
0
+
4
%
0
+
4
T¡a`bdX5SVdOtﬂaON]O^<X5]_ﬂaO^HSVa
aO^<X¬]NQpHn@`a_`bNQpDdN	2aO^DX?mr^DXeNQMOXeU :DÌ S	MOXﬂUXa+SVpHn aO^lcDd<C S
/
 T B D®~-L|0¡BX ]NQpDd_aOMOcm]aa_^DX¬]NRpDXC

B
BNQp<X0S"D

9
F5Sc'
8>9


 

T5F

(
F5Sc'
8"9
+

 
+
TLTejDa_^DXpw1XNRkDdOXM_QXa_^HS	a;C
9
B C

D¡a0àNQgbgbN	rdBaO^HSVa;CﬁS
/
$T!BﬃC
9
BﬃC


:
=Xa&cDd6nlXmpDXaO^<X6NQgbgbN	r`p<PfHNRdO`baO`bRX6QX]aONRM6NQpk@Bj 
 
B L

O

'=8>9




jDaO^<X ]NQplQXswdOcDk<dOXa_doNV¡Ìx;
C

B

2
O 	
BNQpDX0Sc'
8>9
2

%
0/254
TF 

BﬃC

b
S	pmnwU+SVaOMO`¤s
/
 klt
/

2
B  \ScFRAS_ T"T

 àNRM SVgbg _ed

@rm¡pa_^DX2fDMOXe|`bNRcDdXsHS	UWf<gXRjl1X£àNQc<pHna_^HS	a!C

S
/
 TBHC

NRM


S
/
3T^B

DﬂX]S	pwQXeMO`¤àtYSr`baO^mr^<XNQM_XU :DÌT0aO^mS	a


S
/
3T^B 

B\c  \ScFRAS_TFJR*SºTzTjB   SFRAScºT"T  _ﬂFﬂº d

@H SrGT
(&p3a_^DXrNQa_^DXM$^mS	pHnjfDM_NQfmXMOat`bp3a_^DXBMO`bPQ^laJ^HS	pmnd_`n@X1`bUWf<g`bXda_^HS	a

G S
/
3TFr`baO^ BNRMONQgbgS	M_t3:DxD4mr^lcDd5jV`aF`bd
SBdOcn+]`bXpla]NRpHnl`baO`bNQp&àNRM1XS	gbcDUWfHSVkD`bgb`at0r`a_^U+S	a_MO`¤s
/
>S	dFpDNQa_X5n`bp3q6XeUWXpltoSVpHn­lpDXgbgySTY5GrQGT<àNQMF`M_MOX5n@cH]`bkDgbX
U+SVaOM_`s/2VﬂX4SVgd_NpDNQa_X6aO^mS	aJaO^DX&MO`bPQ^laJ^HSVpHndO`nlXr`bpkSrGTFPQ`bQXd àNQM$S	gbg7_nd

@rj
%
0/254

%
0/254
%
03254
B
/
 S_ﬂF_Ts
%
0/254
0mr^lcDd5j
àNRM6S	gbg _^d

@rjﬁ
%
0/254
`bdSfHNRdO`baO`bQXgbXàarXe`PRXplQX5]aONQMNV UwS	a_MO`¤s
%
0/254
%
03254
]NQM_MOXd_fHNRpHnl`bpDPwaON2a_^DXX`bPQXep|QSVgbcDX
/
AS_ﬂF_Te
¡ar]S	pwkmXoc<dOXàc<gaON|p<N	ﬀr^DXpaO^DX]NRp|RXMOd_X`bUWfDgb`]SVaO`bNQpNVjSﬂrT0^DNQgnldQ¡ar`bdBdO^DN	rpaONkHXQS	gb`n`bpWLFXpDPkSTYQGxT
cDpHn@XM6a_^DX`M_MOX5n@cH]`bkDgbX3S	d_dOcDUfDaO`bNRpàNQMra_^DX`p<`a_`S	gmU+S	a_MO`¤s S	pmnWa_^DX3SRnDnl`baO`bNQpmS	g]NQpHn@`a_`bNQpYS T[
S T5[<aO^DX]NRgbcDUWpQX5]a_NQM_d6N	JU+SVaOMO`]Xedh
	
S
	
 ~GTBdOfHSVp+¡Ìx

r^DXM_X

`d&aO^DXAK ¸YU UwS	aOM_`¤s+nlXHpDXnklt

SzF_TB Y`¤hd%RAS_T&S	pHnﬃ~NQaO^<XMOr`bdOXR\mr^DXfDM_Xl`bNQcDd]NQUUWXplaOd
fDM_X5]`bdOXdONQUXMOXegSVaO`bNQpkmXa1XeXp¬a_^DX2QS	M_`NRcDdX5RcD`bQS	gbXpla]NQpmnl`baO`bNQpDdPR`RXp`pMmr^DXNRMOXU :<Y àMONRU LFXpDPMSY5QGxTe
­l`bpH]X2a_^D`bdaO^<XNQM_XU `bdkHSVdOX5nNRpDgbtNQpﬂa_^DXW]NQpmnl`baO`bNQpS TSVpHna_^DXWc<pD`]`batN	6a_^DX2a5 f UmS	d_dOND]`S	a_X5nﬂr`baO^¬SVplt
S	PRPQM_XP|SVaOX5n2]_^HSV`pMONQUE

S
/
3TjV`aB]S	p2kmXonl`bM_X5]aOgbtXsDaOXpmnlX5naONNRcDM1]NRplaOXsDa5 rNRaOX&aO^HSVa1S	gbgDLFXpDP  dBMOXd_cDgbaOdB^DNQgn
`bpWa_^DX3]NRp|a_XsDa6NV ­lX5]aO`bNQp{D
J¦lªH	¦  "{½  ,j	G./4..5	vﬀl+- -'&ﬂ0 N .3A&J ﬃ! 7* h8ﬁl6+0&ﬂﬂ60  ﬂﬁ@W
  71G5&l+-A)J' 710 6' 
SnTﬂ!+-ﬁI' 'i! o*'&J3ﬂ	('   

I»¼v¼Sc:<Y5FFﬂN/Tl.I4ﬂ.ﬃj,.$8*6+^+7ﬀ0  '
ﬀo0&0(ﬀﬂ5	4ﬂ6' . 
ÑÑyÒjI,Ï5Û
Yu  0ﬀ,. 1'	
 
   SFRASﬂ_T5FRASºbT"T!B   SFRAScºT"TOﬁI0&30 _ﬂFÂº d

@ 

lS
/
3T^B


ﬀJ	ªª{h= Xa

kmX+SfDM_NQkHSVkD`bg`batnl`bdOa_MO`bkDcDa_`bNQpN	 =Xa£cDd3nlXmpDXWa_^DX_baO^ﬂM_N	jmàNRM SVgbg _Od

@rjN	raO^<XU ¸%K
UwS	a_MO`¤so¿klt  \S

FJRASﬂ_T"Te rNRaOX6a_^HS	a





B

 `bdBX5RcD`bQS	gbXpla$a_N3a_^DXfDMONRfHXM_atWM_XfHNRMOa_X5n`pdOaS	aOXeUWXplar{D
F`bMOd_a5jm1X£dO^DN	 aO^HSVa6d_aTS	a_XUWXep|aY£`bUWfDgb`bXd$a_^DX3d_X5]NRpHnwNQp<XQm¡_»v¼v¼Sv:<Y5FJOFﬂN/TBdTSVaO`bdmXd6a_NWaO^<X B^HS	f<U+S	p-s
q&NRgUNQPRNQMON	£X5RcHS	a_`NRpDdI[
/


B





	
 YGH
BNRpDdOXQc<XplaOgbt|jlBX^HSQX&àNRM6S	gbg
	
 ~





9

B
/



9
B
/

/


B
/





H
ﬂX&PQXa 
	
 ~<j,

ﬀ
/
	

-6
	
Bﬀ~D2wrpHn@XMraO^DX]NQpHn@`a_`bNQpYS TejDBX ]NQpH]gbcHn@Xoa_N


ﬃﬀ
/
	

Bﬀ~3aﬀc


 B





H
*N	jQgbXaBcDdrS	dOd_cDUWX&aO^HSVa





B

 	[6drfDM_Xl`bNQcDd_gtpDNRaOX5njl`ba$`bUfDgb`Xeda_^HS	aWC

`dBfmNQdO`ba_`RXgbt3`bplQS	M_`S	pla
klt>U+SVaOM_`s  SVpHnNC

G CS
/
3Te BNQp<dOX5RcDXpla_gtlje> `d1XS	>gbcDUWfHSVkDgbXWS	pHn 

G  S
/
3T0¡aWM_XU+SV`p<d2aON
d_aTSVaOXwaO^HSVacDpHn@XM2aO^DX]NRpHnl`baO`bNRpS Tej>C

B CS
/
3Te = Xa

kmX+SﬃQX]aONRM2`p? S
/
 TJ­l`bpH]Xª»v¼v¼S

FF8N T£`bd3S
^<NQUWNRPQXp<XNQcDdrvSVMOQN	W]_^HSV`bpj7»v¼¼S

FJF8N/T$dS	a_`dßHXd&aON2aO^<X B^HS	f<U+S	p-s8q&NQgbU2NRP	NQMON	£X5RcHS	a_`NRpDdI[
/


Bo¿2



	
¢YH
BNRpDdOXQc<XplaOgbt|jlc<pHnlXM S TejDBXNQkDaS	`bpW`bpWa_^DXdS	UWX&U+SVpDpDXMrS	dr`bpWa_^DXHM_dOarfHSVMOa&N	a_^DXfDMONlNV

¿
 B
¿



¿
H
¡pﬂSdOX5]NRpHnfHSVMOa5j 1XdO^DN	 aO^HSVa
¿
 B

 àNRgbgN	rdBMONQU aO^DXaO^<X2cDpD`]`batN	BaO^DX2a_MTS	p<dO`baO`bNQpﬃU+S	a_MO`¤sWNQM
SVpltWS	PQPRMOXPlS	a_X5nw]O^mS	`bpàMONRU S	pw`bpD`baO`S	gnl`bdOa_MO`bkDcDa_`bNQp

d

S
/
 TeDﬂX&pDX5]Xd_dTSVMO`bgbt+^mSQX&àNQMrS	gbg
	
 ~
S
/

0
¿
4
T


9jB
/



9 aﬀc o¿2


9

B




9

aﬀc ,
¿
ﬀ

!-6


B8~yH
ﬂXBnlX5nlcH]XBàMONRU¢aO^DXr]NQpmnl`baO`bNQpﬀS TFaO^mS	a
¿
`B

2jer^D`]O^`bUWfDgb`bXdmaO^HSVa  \S

%
0/254
OFJRAScºTzT B   S
%
0/254
FRASºbT"T
NQMrS	gbg _ﬂFﬂº d

@*
BNRU2kD`bpD`bpDPaO^DXkmNQa_^wfHS	M_aOd5j<1X^HSRX&àNQMrS	gbg

dk S
/
3Tj \_ﬂFÂº d

@

  S

FRAS_ T5FRASºbT"T^B-  S

FRASºbT"TF
  S

FRAS_ T5FRASºbT"T^B-  SyFJR*S_TFJRAScºTzT5H
BNRpDdOXQc<XplaOgbt|jlBX^HSQXNRkDaTSV`p<X5nE, \_\d

@  \S

FRASﬂ_T"T!B   SFRASﬂ_T"T-àNRM6S	gbg

dk

S
/
3TBaO^HSVar`bd

S
/
 TB 


mr^D`bd&fDMONlN	B^DNQgnldS	gbd_N2`pﬃaO^DX2]NQpla_XsDaoNV4­lX5]aO`bNQpﬂ{2kmX5]SVcDdOXQjFS	fHSVMOa&àMONRU a_^DX2]NQpHn@`a_`bNQp?S TjmBX3NRpDgbtWpDXeX5n
a_^HS	a6SVgbgS	PQPRMOXPlS	a_X5nw]O^mS	`bpDdr]NQpH]XMOpDXnr`baO^wd_^HS	M_XaO^DXdS	UWX&aOMS	pDd_`a_`bNQpwfDMONRkHS	k<`gb`batU+S	a_MO`¤s
mr^DXeNQMOXeUPumÌ{rN	maO^D`bd$d_X5]aO`bNRp]SVp2kHX6SVfDfDgb`bX5na_N n@XMO`bQXra_^DXBa1NU+SV`bpof<cDkDgb`bdO^DX5n£MOXedOcDgbaOdBNQp£1X5SV3gbcDUfHS	k<`gb`¤at|
mr^<X6mMOdOa&NQpDXnlXS	gbdrr`baO^w`bMOMOXnlcH]`bkDgbXU+SVaOMO`¤s2jlaO^mS	ar`bd ¬M_X5nlcH]XdaON2NQp<gt2NRpDX]gS	d_d5
ªm	ª # #à<	§ "{  
 J&xmwJªw7w$«  ¦l@xŁ	ª%#àE| °| n+Aﬂ&J0 -., 6' k7&
 kﬀ4ﬂ&5·/ ﬂﬁA+-k'&5o0 70e)+0 
 .4..5	vﬀ1}8Mb&5&J1'	-)6 Dﬁ+»v¼¼yS

FFﬂN/Tb.f+-0ﬀ,o' 70	G.k#%0&0(Y),+-0  C+- »v¼¼S^FJOFﬂN/Tb.0 .M
+0ﬀo 70	G.3#%0&0(ﬀ),+-0  %i^+5&.$+-9.J"4)+4.)$(),8'&$.I0	ﬂ6' k8	\`B&;n+-9 )$
/
  . +-9.I0ﬀ
ﬁ40&30 k4o4o&8o'81A+0ﬀo 70	G.3#%0&0(ﬀ),+-0  ' 71ﬀ.$o0(05 %
/

2
B   S^FRAS_TzT

ﬀFE_nd

@;
¼½ÑF¼¿
 
	ﬀﬂﬁﬃ! "$#%'&''(*),+-' ./0 2134.5ﬂ(0$ (00&60 7)ﬀ8ﬁ9)' 7. YIx

2¦ ﬂD 	`= XaBcDd6nlXHp<Xoa_^DXrNQgbgbN	r`p<P6fmNQgbtl^DX5nlMS	g]NRpDX]C AB

2
O 	
BNRpDXSzD'
8>9
2

%
0/254
Tl[&d1pDNRaOX5n fDMOXe|`bNRcDdOgbtlj
aO^<X$fHNRdO`baO`bRX$`bp|QSVMO`S	pm]XNV@a_^DXBdOXa"C &klt3 `UfDgb`bXdDaO^mS	a>C  G CS
/
$TSVpHn&aO^lcDdBX$^HSRX! AB?C 7¢GS
/
3Te
mr^DX`bplaOXM_XdOa&N	$aO^D`bd6]NRpHnl`baO`bNRp+]NRUWXd0àMONRU aO^<XiSQ]araO^HSVar`ar]SVp+kmX3]_^DX5]_RX5nàM_NQU a_^DXYTn<S	aTS'3NVa_^DXfDMONRkDgbXU

[¢dOX5]NQpHnS	UW`bgbtNV vSVMOQN	w]_^HS	`bpDdr]S	pS	gbdONkHXa_MOX5SVaOX5nwr`ba_^mr^<XNQM_XU umÌ{D
ªH	ª%# #D	§ >{   0¦D«ª% ¦l2 #s{D|   F  	G.)0 .561G5&^ﬁI'/ﬂﬁ#%0&0($)+0 ﬀi! 6+l&0 .5ﬂ60 l7&
ﬀ4ﬂ&5·/ .,	),+Y+-4l6+$0&ﬂﬂ60 ?ﬂﬁ3@E 71'	)J1M56+)0AA	v y6)4ﬂ60 Â	(00  7)ﬀ&54ﬂ60 M.  B D

9
Fﬂ
  L
i^+5&

9
)0 "0 -.90 2/G.I0&45 -o3.883' 71I
'y6+l&0 .56 h' 7,.6 ﬁ+-&J$6 .J.

d .5	-),++-



B ~
0 21]»v¼¼yS

FFﬂN/Te.l+-'*,o5 7'	.l#%0&0($)+0 6+5 +»v¼¼yS"S~FﬂT5FF8N/T.0.I3 +-0ﬀ,o' 70	G.#%0&0(3),+-' 
i!+?.3+-*.84)+4.ﬂ6)A(),8'&3.I'
	G0 M"G 



B	1i^+-&J  .3+- .ﬂ-),&0^&JG10	G.*8ﬁ3+-*&·/ 




 &J)0 6+4;?.*)0  16+5	4.5·ﬂ."4ﬂ60 20&5Y10 .Jﬂ&56	G0 %.J.I4)54"J1fi!++-eﬁ40A
SJHFJ T]n+ ﬁ$
/

.3+-*.I0ﬀeﬁI0&ﬀ0 b+0ﬀo5 2J'	G.ﬀ#}'&0(),+-' #»v¼¼yS

FJOFﬂN/TAi!+%0 ?  6'!10.ﬂ&56	ﬂ6' 

i +-4.I .5	40&
)0 "0  .$&0 .56 e.J"4",.6,h.$o0(05 %
/

9
B

9
' 71
/

2
B  \SzSi~FﬂTFJR*S_TzT

ﬀF _nd

@klD|Y'L1
F`bpHS	gbgbt|jDSVdpDNQa_X5n`bpﬂxrXUwS	M_rDjm`¤1BX3^mSQXaO^DXNQfDfmNQM_aOcDp<`atﬃaONwU+SVQXS2pDNRplaOMO`bl`S	g$S	PRPQM_XP|SVaO`bNQpwr`baO^MOXd_fHX]a
aONwa_^DX3fmS	MOa_`baO`bNQpkN-aO^DXpﬂa_^HS	a&U2cDdOa&^DNQgnNQMS	pltwfDMONRkHS	k<`gb`bat+n@`d_aOM_`k<cDaO`bNQpN	BaO^DXfHNRgbt|a_NQfmXn@XHpDX5nkltk

B
BNQpl2S"DGSi~yFÂGT
%
03254
F:ﬀ_nd

@eL0T
  ﬁ+'	+,05 ﬁ
mr^D`bdBfHS	fmXMrXsDaOXepHnld6a_N3PRXpDXMS	gmHp<`a_XovSVMORN	W]O^mS	`bpDdBaO^DXgb`bpDX5S	MBdOtld_aOXU S	fDf<MON|SR]_^WcDd_X5n`p[6knlXgsOvwNQpDXe`U SVpHn
=Xet|d_`bXt XeMSY5Q}R{Tej®x*cDkD`bpDNS	pHn­lXM_`]NQgS STY5RDY4TNQMJ1XS	gbcDUfHS	kD`bgb`batrfDMONRkDgbXU¡p2SQnlNRfDaO`bpDP&^DXM_X6aO^<Xr|`bXrfmNQ`bpla
N	BfHNRdO`baO`bQX`bplQS	MO`SVpH]XNV1fHNRgbt|^<X5nlMTSVg1]NRpDXd5j 1XfDMONRfHNRdOX2pDXe MOXedOcDgbaOd£NQp1X5SV	dOa_MONRpDPwgc<UWfHSVkD`bg`¤at2N	4S Hp<`a_X
vSVMOQN	]O^mS	`bpQvwNRdOa$NV NRcDMJMOXd_cDgbaOdrS	M_XrXsDfDMOXd_dOX5nr`baO^MOgbND]SVg ]_^HS	MSQ]a_XMO`bdOa_`]drN	aO^DX6]_^HSV`bpj	aO^mS	aJ`bd$aONaO^<XrgXeQXg
N	a_^DX6d_aTSVaOXo]gSVdOd_XdrN	a_^DX6fHSVMOa_`a_`bNQp0mr^<`drS	gbgbN	rdJcDdBaON3nlXeMO`bQX SàNQMBXsDaOXepHnTBdOfmX5]a_MTSVgfDMONRfHXM_aO`bXd6SVdOdOND]`SVaOX5n r`a_^
XsHSQ]a SVPQPRMOXPlS	aO`bNRpD¡pS PQXp<XMTSVgUwS	pDp<XM5j<NQcDM&1NRMOwdOfmX5]`¤HXd£dONQUXASàPQXeNQUWXeaOMO`]SVgTr`bplQS	MO`SVp|ar]NRMOMOXedOfmNQpHnl`bpDPwa_N
aO^<X6gbcDUWfmS	kD`bgb`bat6MOXQc<`M_XUWXep|aBr^D`]_^+SVMOX6f<MONQU`bdO`bpDPrNQM$d_aOcHnltMOXgSVaOX5n fDMONRkDgbXUWd4[	`bp|RXdOa_`bP|S	a_XBàNQM_U+SVggbtaO^<X6BX5S	
gbcDUWfmS	kD`bgb`batWN	6d_aOM_NQpDPRgtdOa_MOcH]aOcDM_X5n>vS	M_QN	l`S	pUWNDnlXgbd3SVpHnﬂS	pHSVgbtvpeX2dOXpDd_`baO`bl`ataONﬃaO^DX TnDSVaTS0ﬃN	6aO^<X2XsHSQ]a
S	PRPQM_XP|SVaO`bNQp àX5S	d_`bkD`bg`batl	ﬂXnlNpDNQarPRN3`bplaONàc<MOaO^<XM6nlXaS	`bgbdr^DXMOXR
 Q#$£ﬁ+'6,
[3Ìvﬂ<[6knlXgsOvwNQpDXe`U SVpHnwB  7=Xet|d_`bXt XeM5jﬂX5SVWgbcDUfHS	kD`bgb`bat`bpwHpD`ba_X3vS	M_QN	w]O^mS	`bpDd5j Hm[6f<fDgHLJM_NQkHSVkJY5
STYQ}Q{GT1R}x@Q<YQ
[3Ìvﬂm[&k nlXeg
sOvwNRpDX`bU SVpHnB  2=XtldO`bXtXMj = cDUWfHSVkD`bgb`atNQMpDNQp-si`bMOM_X5nlcH]`k<gX£HpD`ba_XvSVMORN	]_^HS	`bpDdj m[6f<fDg
LJMONRkHS	kFH{DY STYQ}'uvTexQr-xGr0uH
B{BS	gbgDS	pHn
	24|1XeNHj0=cDUfHS	k<`gb`bat6S	pmnUwS	MOPR`bpHS	gb`bdTSVkD`bg`batBàNQM$]NRplaO`bplcDNQcDd8sia_`bUWX1vSVMORN	 ]_^HSV`bpDd5j m	[6f<fDgQLJMONRkHS	kF
{QbSY5QG:TexDY}-xR{Q}<
[3{0XMOUwS	pWS	pmn2xlLJgbXUWUNQpDdj *NQpDp<XP|SVaO`bQX6vSVaOM_`]Xd1`bp2a_^DXovSVaO^DXeU+S	a_`]S	gH­<]`bXpH]Xd$S[o]SRnlXU`]rL MOXd_d5jYrRT
H	2q&XUXpltWS	pHn m =0D­lpDXgbgjDF`bpD`baOXvS	M_QN	W]_^HSV`p<d$Si­lfDM_`bpDPQXM8s0XMOgS	PmjY5GrQTe
H2=X5n@NQclsjl[¢pDX5]XdOdS	MOt]NQpHn@`a_`bNQp2NQMrBX5S	gc<UWfHSVkD`bg`¤at|j@(&fmXM5xrXed5=XeaOaOXeMOd2YI:STYQ:GTY5Gx YQ}<
H= X5nlNQc@s j	2BxrcDk<`p<N¬S	pHn {&r­lXM_`]NQgSDj FsHSQ]a+S	PRPQM_XP|SVaO`bNQp>N	2S	kDd_NQMOk<`p<P vSVMOQN	 fDMOND]XedOdOXedcDd_`bpDP RcHSVdO`s
dOaS	aO`bNRpHS	M_t+nl`bdOa_MO`bkDcDa_`bNQpj ml[6fDfDgmLJMONRkHS	k:<Y3SY5R0uvTrR{Q@:'uH
H= X5nlNQc@s j!(6p BX5S	>gbcDUWfmS	kD`bgb`batNVnlXplcDUXMTSVkDgbXvS	M_QN	ﬀ]_^HS	`bpDdj6­laS	a5rSVpHnﬀLJM_NQkHSVk=Xa_aOXM_d {GxSTYQGxT
:Q{R-:G:Q<
ÑÑyÒjI,Ï5Û
Y  0ﬀ,. 1'	
£Ì1DLFXp<PHj)(&pwBX5S	gc<UWfHSVkD`bg`¤atN	$S£HpD`baOXvSVMORN	W]O^mS	`bpjmJNSVfDfmX5S	M&`pw­laTSVa5mS	pHnLJMONRkHS	k2=Xa_aOXM_dASTY5RxGT
	 DxrcDkD`bpDN2S	pmn{&H­lXM_`]NQgSDj7(&pBX5SV2gc<UWfHSVkD`bg`bat`bpwvS	M_QN	W]_^HS	`bpDdj mD[6f<fDgDLJMONRkHS	kD{RbSTYQ}QGT!uGu|vuvxGrD
	 ®x*cDkD`bpDNS	pHnA{6R­lXMO`]NRgSDj[>HpD`ba_X4]SVMTSR]aOXM_`p5S	a_`NRp2N	HBX5SVgbcDUWfHSVkDgbX$vS	M_QN	fDM_ND]XdOd_Xd5DLJSVMOaJ¡5[0mr^DXrnl`bdT]M_XaOX
a_`UXo]SVdOXQjm­laOND]_^HSVdOaO`]L MOND]Xd_d5m[6fDf<gi:R}bSTYQDY4T6Yx@{Q~'uH
LJ	­D]_^lBX`ba"pXMjQ[&PQPRMOXPlS	aO`bNRpUWXa_^DNDnldNQMJgS	MOPRX1vSVMOQN	]_^HSV`p<d5j	`bp [¡OS0peXNQgbgSrXa$SVgijX5n@d5jQvSVaO^DXeU+S	a_`]S	g BNQUWf<cDaOXM
LFXMßàNQM_U+S	pm]XS	pHnwxrXeg`SVkD`bg`batﬀS JgbdOXl`bXM8s *NQMOa_^%~rNRgbgSVpHnjmY5R}0uvTe
¼½ÑF¼¿
Unite´ de recherche INRIA Lorraine, Technopoˆle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LE` S NANCY
Unite´ de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unite´ de recherche INRIA Rhoˆne-Alpes, 46 avenue Fe´lix Viallet, 38031 GRENOBLE Cedex 1
Unite´ de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unite´ de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
E´ diteur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
ISSN 0249-6399
